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Course Description 
Myopathies are disorders in which there is a primary functional or structural impairment of skeletal muscle. Myopathies can be distinguished from other 
disorders of the motor unit, including motor neuron disorders, peripheral neuropathies, and neuromuscular junction diseases, by characteristic clini-
cal and laboratory features. This first goal of this course is to instruct clinicians how to use a pattern recognition approach to diagnosis patients with 
suspected myopathy.  The second goal is to show how to prepare a work-up and treatment of different types of inflammatory myopathy, muscular dys-
trophy, and muscle channelopathies.  The third goal is to update clinicians on the pathogenesis of different types of inflammatory myopathy, muscular 
dystrophy, and muscle channelopathies. 

Intended Audience  
This course is intended for Neurologists, Physiatrists, and others who practice neuromuscular, musculoskeletal, and electrodiagnostic medicine with the 
intent to improve the quality of medical care to patients with muscle and nerve disorders.

Learning Objectives  
Upon conclusion of this program, participants should be able to: 
(1) use a pattern recognition approach to diagnosis patients with suspected myopathy.
(2) discuss work-up and treatment of different types of inflammatory myopathy, muscular dystrophy, and muscle channelopathies.
(3) recognize pathogenesis of different types of inflammatory myopathy, muscular dystrophy, and muscle channelopathies.  

Activity Profile  
This enduring material activity is a reproduction of the printed materials from a course at the AANEM Annual Meeting (October 6-9, 2010). Physician 
participation in this activity consists of reading the manuscript(s) in the book and completing the clinical and CME questions. 

Release Date: January 10, 2011 
Expiration Date: January 10, 2014. Your request to receive AMA PRA Category 1 Credits™ must be submitted on or before the credit expiration date.  
Duration/Completion Time: 2 hours

Accreditation and Designation Statements  
The American Association of Neuromuscular and Electrodiagnostic Medicine (AANEM) is accredited by the Accreditation Council for Continuing 
Medical Education to provide continuing medical education for physicians. 
The AANEM designates this enduring material for a maximum of 2.0 AMA PRA Category 1 Credit(s)™. Physicians should claim only the credit com-
mensurate with the extent of their participation in the activity.
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Please be aware that some of the medical devices or pharmaceuticals discussed in this handout may not be cleared by the FDA 
or cleared by the FDA for the specific use described by the authors and are “off-label” (i.e., a use not described on the product’s 
label). “Off-label” devices or pharmaceuticals may be used if, in the judgement of the treating physician, such use is medically indi-
cated to treat a patient’s condition. Information regarding the FDA clearance status of a particular device or pharmaceutical may 
be obtained by reading the product’s package labeling, by contacting a sales representative or legal counsel of the manufacturer 
of the device or pharmaceutical, or by contacting the FDA at 1-800-638-2041.
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Myopathies are disorders in which there is a primary functional or 
structural impairment of skeletal muscle. Myopathies can be distin-
guished from other disorders of the motor unit, including motor 
neuron disorders, peripheral neuropathies, and neuromuscular junc-
tion diseases, by characteristic clinical and laboratory features. The 
first goal in approaching a patient with a suspected muscle disease 
is to determine the correct site of the lesion. Once localized to the 
muscle, the next step is to identify whether the myopathy is due to 
a defect in the muscle channel, muscle structure, or a dysfunction in 
muscle metabolism. The second goal is to determine the cause of the 
myopathy. In general, myopathies can be classified into hereditary 
and acquired disorders (see Table 1). The third and final goal is to 
determine if there is a specific treatment and, if not, to optimally 
manage the patient’s symptoms in order to maximize their functional 
abilities and enhance their quality of life.

CLINICAL EVALUATION

The most important element of evaluating a patient with a suspected 
myopathy is obtaining a thorough history. The history should allow 
the physician to make a reasonable preliminary diagnosis that places 
the patient into one of the categories in Table 1. The findings on the 
physical examination, and in particular the distribution of muscle 
weakness, should provide additional information in determining the 
correct diagnosis. The results of the laboratory studies (blood tests, 
electromyography [EMG], muscle biopsy, molecular genetic studies) 
then play a confirmatory diagnostic role.

The first step is to ask six key questions based on the patient’s symp-
toms and signs.

1.  Which “Negative” and/or “Positive” Symptoms and 
Signs Does the Patient Demonstrate?

Symptoms and signs of muscle disease (see Table 2) can be divided 
into “negative” complaints such as weakness, exercise intolerance, 
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Table 1 Classification of myopathies

 Hereditary
  Muscular dystrophies
  Myotonias 
  Channelopathies 
  Congenital myopathies
  Metabolic myopathies
  Mitochondrial myopathies
 Acquired
  Inflammatory myopathies
  Endocrine myopathies
  Myopathies associated with other systemic illness
  Drug-induced myopathies
  Toxic myopathies



fatigue, and muscle atrophy and “positive” complaints such as myal-
gias, cramps, contractures, myoglobinuria, and muscle stiffness.

Weakness is by far the most common “negative” symptom reported 
by a patient with muscle disease. If the weakness involves the lower 
extremities, patients will complain of difficulty climbing stairs, 
arising from a low chair or toilet, or getting up from a squatted 
position. When the upper extremities are involved, patients notice 
trouble lifting objects over their head and brushing their hair. These 
symptoms in the arms and legs indicate proximal muscle weakness, 
which is probably the most common site of weakness in a myopathic 
disorder (see below). Less commonly, patients with myopathies can 
complain of distal weakness manifested as difficulty opening jars, 
inability to turn a key in the ignition, or tripping due to foot drop. 
Some myopathies may also result in cranial muscle weakness result-
ing in complaints of dysarthria, dysphagia, or ptosis.

Fatigue is a much less useful “negative” symptom since it is nonspe-
cific and may reflect a patient’s cardiopulmonary status, level of con-
ditioning, overall health, sleeping habits, or emotional state. Many 
patients who complain of diffuse global “weakness” or fatigue do not 
have a disorder of muscle, particularly if the neurologic examination 
is normal. On the other hand, abnormal fatigability after exercise can 
result from certain metabolic and mitochondrial myopathies, and 
it is important to define the duration and intensity of exercise that 
provokes the fatigue.

“Positive” symptoms associated with myopathies may include my-
algias, cramps, contractures, myotonia, or myoglobinuria. Myalgia, 
like fatigue, is another nonspecific symptom of some myopathies 
(see Table 3). Myalgias may be episodic (metabolic myopathies) or 
nearly constant (inflammatory muscle disorders). However, muscle 
pain is usually not common in most muscle diseases, and pain is 
more likely to be due to orthopedic or rheumatologic disorders. It is 
rare for a muscle disease to be responsible for vague aches and muscle 
discomfort in the presence of a normal neuromuscular examination 
and laboratory studies.

A specific type of muscle pain is the involuntary muscle cramp. 
Cramps may last from seconds to minutes and are usually localized 

to a particular muscle region. They are typically benign, occurring 
frequently in normal individuals, and are seldom a feature of a 
primary myopathy. Cramps are characterized by rapidly firing motor 
unit discharges on needle EMG. Cramps can occur with dehydra-
tion, hyponatremia, azotemia, and myxedema. They also can occur 
in disorders of the nerve or motor neuron (especially amyotrophic 
lateral sclerosis [ALS]).

Muscle contractures are uncommon but can superficially resemble a 
cramp. They are typically provoked by exercise in patients with gly-
colytic enzyme defects. Contractures differ from cramps in that they 
usually last longer and are electrically silent with needle EMG. Muscle 
contractures should not be confused with fixed tendon contractures.

Myotonia is the phenomena of impaired relaxation of muscle after 
forceful voluntary contraction and most commonly involves the hands 
and eyelids. Myotonia is due to repetitive depolarization of the muscle 
membrane. Patients may complain of muscle stiffness or tightness 
resulting in difficulty releasing their handgrip after a handshake, un-
screwing a bottle top, or opening their eyelids if they forcefully shut 
their eyes. Myotonia classically improves with repeated exercise. In con-
trast, patients with paramyotonia congentia demonstrate “paradoxical 
myotonia,” in that symptoms are typically worsened by exercise or 
repeated muscle contractions. Exposure to cold results in worsening 
of both myotonia and paramyotonia. The muscle disorders associated 
with muscle stiffness are listed in Table 4.

Myoglobinuria is a relatively uncommon manifestation of muscle 
disease and is caused by the excessive release of myoglobin from 
muscle during periods of rapid muscle destruction (rhabdomyolysis). 
Severe myoglobinuria can result in renal failure due to acute tubular 
necrosis. If a patient complains of exercise-induced weakness and 
myalgias, they should be asked if their urine has ever turned coke-
colored or red during or after these episodes.

2 A Clinical Approach to the Patient With Myopathy AANEM Course

Table 2 Symptoms and signs associated with myopathies

 Negative
  Weakness
  Fatigue 
  Exercise intolerance
  Muscle atrophy
 Positive
  Myalgias
  Cramps
  Contractures
  Stiffness/inability to relax
  Myoglobinuria
  Hypertrophy

Table 3  Muscle disorders associated with myalgias

Mitochondrial myopathies
Inflammatory myopathies (polymyositis, dermatomyositis)
Infectious myositis (especially viral)
Drug-induced myopathies (lovastatin, chloroquine)
Hypothyroid myopathy
Myoadenylate deaminase deficiency
Tubular aggregate myopathy
X-linked myalgia and cramps (Becker muscular dystrophy variant)
Eosinophilia-myalgia syndrome

Table 4  Myopathies associated with muscle stiffness

Myotonic dystrophy
Myotonia congenital
Paramyotonia congenital
Proximal myotonic myopathy
Hyperkalemic periodic paralysis
Hypothyroid myopathy
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Recurrent myoglobinuria is usually due to an underlying metabolic 
myopathy (see Table 5), whereas isolated episodes, particularly occur-
ring after unaccustomed strenuous exercise, are frequently idiopathic.

2.  What Is the Temporal Evolution?

It is obviously important to determine the onset, duration, and evolu-
tion of the patient’s symptoms and signs of muscle disease. Did the 
weakness (or other symptoms) first manifest at birth or was the onset 
in the first, second, third, or later decade (see Table 6) Identifying the 
age that symptoms began can provide crucial information leading to the 
correct diagnosis. For example, symptoms of Duchenne muscular dys-
trophy (DMD) usually are identified by age 3, whereas most facioscapu-
lohumeral dystrophys (FSHDs) and limb-girdle muscular dystrophies 
(LGMDs) begin in adolescence or later. Of the inflammatory myopa-
thies, dermatomyositis occurs in children and adults, polymyositis rarely 
occurs in children but at any decade in the adult years, and inclusion 
body myositis (IBM) occurs most commonly in the elderly.

It is also imperative to determine the evolution and duration of the 
disease. Myopathies can present with either constant weakness (mus-
cular dystrophies, inflammatory myopathies) or episodic periods 
of weakness with normal strength interictally (periodic paralysis, 
metabolic myopathies due to certain glycolytic pathway disorders). 
The episodic disorders have acute weakness that can return to normal 
strength within hours or days. The tempo of the disorders with con-
stant weakness can vary from: 1) acute or subacute progression in 
some inflammatory myopathies (dermatomyositis and polymyositis), 
2) chronic slow progression over years (most muscular dystrophies), 
or 3) nonprogressive weakness with little change over decades (con-
genital myopathies). Finally, both constant and episodic myopathic 
disorders can have symptoms that may be monophasic or relapsing. 
For example, polymyositis can occasionally have an acute monophasic 
course with complete resolution of strength within weeks or months. 
Patients with periodic paralysis or metabolic myopathies can have 
recurrent attacks of weakness over many years, while a patient with 
acute rhabdomyolysis due to cocaine may have a single episode.

3.  Is There a Family History of a Myopathic Disorder?

Since many myopathies are inherited, obtaining a thorough family 
history is obviously of great importance in making a correct diagno-
sis. A detailed family tree should be completed to look for evidence 
of autosomal dominant, autosomal recessive, and X-linked patterns 
of transmission. Questions regarding family members’ use of canes or 
wheelchairs, skeletal deformities, or functional limitations are usually 
more informative than vague questions such as, “Does any member 
of your family have a muscle disease?” Identifying a particular he-

Table 5  Causes of myoglobinuria

Prolonged, intensive exercise
Viral and bacterial infections
Drugs and toxins (especially alcohol)
Neuroleptic malignant syndrome
Heat stroke
Trauma (crush injuries)
Severe metabolic disturbances, including prolonged fever
Inflammatory myopathies (rare)
Limb Girdle MD 2C-F (sarcoglycanopathies)
Metabolic myopathies
 Glycogenoses (myophosphorylase deficiency)
 Lipid disorders (carnitine palmitoyltransferase deficiency)
 Malignant hyperthermia (Central core myopathy, Duchenne MD)

MD = muscular dystrophy

Table 6  Diagnosis of myopathy based on age of onset

Myopathies presenting at birth
 Congenital myotonic dystrophy
 Centronuclear (myotubular) myopathy
 Congenital fiber-type disproportion
 Central core disease
 Nemaline (rod) myopathy
 Congenital muscular dystrophy
 Lipid storage diseases (carnitine deficiency)
 Glycogen storage diseases (acid maltase and phosphorylase  
  deficiencies)

Myopathies presenting in childhood
 Muscular dystrophies—Duchenne, Becker, Emery-Dreifuss,  
  facioscapulohumeral, limb-girdle, Congenital
 Inflammatory myopathies—dermatomyositis, polymyositis (rarely)
 Congenital myopathies—nemaline myopathy, centronuclear  
  myopathy, central core
 Lipid storage disease (carnitine deficiency)
 Glycogen storage disease (acid maltase deficiency)
 Mitochondrial myopathies
 Endocrine-metabolic disorders—hypokalemia, hypocalcemia,  
  hypercalcemia

Myopathies presenting in adulthood
 Muscular dystrophies—limb-girdle, facioscapulohumeral, Becker,  
  Emery-Dreifuss
 Inflammatory myopathies—polymyositis, dermatomyositis, inclusion  
  body myositis, viral (HIV)
 Metabolic myopathies—acid maltase deficiency, lipid storage diseases,  
  debrancher deficiency, phosphorylase b kinase deficiency
 Mitochondrial myopathies
 Endocrine myopathies—thyroid, parathyroid, adrenal, pituitary  
  disorders
 Toxic myopathies—alcohol, corticosteroids, local injections of  
  narcotics, colchicine, chloroquine
 Myotonic dystrophy
 Distal myopathies
 Nemaline myopathy
 Centronuclear myopathy

HIV = human immunodeficiency virus



reditary pattern can not only help in correctly diagnosing the specific 
myopathy (see Table 7), but is also of tremendous importance in 
providing appropriate genetic counseling.

4.  Are There Precipitating Factors that Trigger Episodic 
Weakness or Myotonia?

A history of precipitating factors that might trigger or exacerbate 
symptoms of weakness or myotonia should be explored. It is impor-
tant to ask the patient if there is any history of either illegal drug use 
or prescription medication use that might produce a myopathy. Drugs 
that can cause toxic myopathies are listed in Table 8. A history of weak-
ness, pain, and/or myoglobinuria which is provoked by exercise might 
suggest the possibility of a glycolytic pathway defect. Episodes of weak-
ness that occur in association with a fever would be supportive of a 
diagnosis of carnitine palmityl transferase deficiency. Periodic paralysis 
is characteristically provoked by exercise and ingestion of a carbohy-
drate meal followed by a period of rest. Patients with paramyotonia 
congenita frequently report that cold exposure may precipitate their 
symptoms of muscle stiffness.

5.  Are There Associated Systemic Symptoms or Signs?

Involvement of organs or tissues other than muscle may also provide 
helpful clues in making the appropriate diagnosis. Cardiac disease 
(see Table 9) may be associated with myotonic dystrophy, DMD 
or Becker muscular dystrophy (BMD), LGMD 1B (laminopathy), 
LGMD 2I (fukutin-related protein), LGMD 2C-F (sarcoglycano-
pathies), LGMD 2G (telethoninopathies), Emery-Dreifuss muscular 
dystrophy (EDMD), and Andersen’s syndrome.

Respiratory failure may be the presenting symptom of myotonic dys-
trophy, centronuclear myopathy, nemaline myopathy, or acid maltase 
deficiency (see Table 10). Eventually, many myopathies will affect re-
spiratory muscle strength, highlighting the need for consistent moni-
toring of pulmonary function studies throughout the disease course. 
Once symptoms of hypoventilation are evident, supportive care with 

noninvasive positive pressure ventilation and assistive devices for 
clearance of upper airway secretions should be employed.

Hepatomegaly may be seen in myopathies associated with deficien-
cies in acid maltase, debranching enzyme, and carnitine. The pres-
ence of cataracts, frontal balding, and mental retardation strongly 
suggests the diagnosis of myotonic dystrophy. Dysmorphic features 
may be associated with the congential myopathies. The presence of 
a rash is extremely helpful in confirming the diagnosis of dermato-
myositis. Musculoskeletal contractures can occur in many myopa-
thies of a longstanding duration. However, contractures developing 
early in the course of the disease, especially at the elbows, can be a 
clue to EDMD, LGMD 1B (laminopathy), and Bethlem myopathy. 
Evidence of diffuse systemic disease can indicate amyloidosis, sarcoi-
dosis, endocrinopathy, collagen-vascular disease, infectious disease, or 
a mitochondrial disorder.

4 A Clinical Approach to the Patient With Myopathy AANEM Course

Table 7  Diagnosis of myopathy based on pattern of inheritance

X-linked 
Duchenne MD, Becker MD, Emery-Dreifuss MD

Autosomal dominant
FSH, limb-girdle MD, lamin A/C dystrophy, oculopharyngeal MD, 
myotonic dystrophy, periodic paralyis, paramytonia congenita,  
Thomsen’s disease, central core myopathy

Autosomal recessive
Limb-girdle MD, metabolic myopathies, Becker’s myotonia

Maternal transmission
Mitochondrial myopathies

MD = muscular dystrophy, FSH = follicle stimulating hormone

Table 8  Drugs that can cause toxic myopathies

Inflammatory
Climetide
D-penicillamine
Procainamide
L-tryoptophan
Levodopa

Non-inflammatory necrotizing or vacuolar
Cholesterol lowering agents
Chloroquine
Colchicine
Emetine
e-aminocaproic acid
Labetalol
Cyclosporine and tacrolimus
Isoretinoic acid (vitamin A analoque)
Vincristine
Alcohol 

Rhabdomyolysis and myoglobinuria
Cholesterol lowering drugs
Alcohol
Heroin
Amphetamine
Toluene
Cocaine
e-aminocaproic acid
Pentazocaine
Phencydidine

Myosin loss
Steroids
Nondepolarizing neuromuscular blocking agents
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6.  What Is the Distribution of Weakness?

In order to determine the distribution of muscle weakness, it is im-
portant to know which muscles to test and how to grade their power. 
Muscle strength can be tested by manual testing and from observa-
tion of functional activity (see Table 11). Functional testing is par-
ticularly informative in young children who usually cannot cooperate 
with formal manual muscle testing and in adults with “give-way” 
weakness who present with complaints of muscle pain.

In performing manual muscle testing of the upper extremities, it 
is necessary to assess shoulder abduction, external, and internal 
rotation; elbow flexion and extension; wrist flexion and extension; 
and finger and thumb extension, flexion, and abduction. Muscle 
groups that should be tested in the lower extremities include hip 

flexion, extension, and abduction; knee flexion and extension; ankle 
dorsiflexion, plantar flexion, inversion, and eversion; and toe exten-
sion and flexion. All muscle groups should be tested bilaterally and 
preferably against gravity. Neck flexors should be assessed in the 
supine position and neck extensors in the prone position. Knee 
extension and hip flexion should be tested in the seated position, 
knee flexion should be tested prone, and hip abduction should be 
tested in the lateral decubitus position. If testing against gravity 
is not performed, the presence of significant muscle weakness can  
escape recognition.

Assessment of muscle strength is usually based on the expanded 
MRC (Medical Research Council of Great Britain) grading scale of 
0 to 5 (see Table 12).

Table 9  Myopathies associated with cardiac disease

Arrythmias
Kearn-Sayre syndrome 
Anderson’s syndrome
Polymyositis
Muscular dystrophies  
   Myotonic 
   Limb-girdle 1B  
   2C-F 2G 
   Emery-Dreifuss (X-linked & autosomal dominant lamin A/C)
Congestive heart failure
Muscular dystrophies
   Duchenne 
   Becker  
   Emery-Driefuss  
   Myotonic  
   Limb-girdle 1B, 2C-F, 2G
Nemaline myopathy
Acid maltase deficiency
Danon’s disease
Carnitine deficiency
Polymyositis
Lamin A/C

Table 10  Myopathies associated with respiratory insufficiency

Muscular dystrophies  Mitochondrial myopathies
Duchenne    
Becker    Congenital myopathies 
Emery-Driefuss   Nemaline
Limb-girdle   Centronuclear
Myotonic    
Congenital
Metabolic myopathies  Inflammatory myopathies
Acid maltase deficiency  Polymyositis
Carnitine deficiency

Table 11  Functional assessment of muscle weakness

Location  Signs or symptoms of weakness
Facial  Inability to “bury eyelashes,” “horizontal smile,”  
     inability to whistle
Ocular  Double vision, ptosis, dysconjugate eye movements
Bulbar  Nasal speech, weak cry, nasal regurgitation of liquids,  
     poor suck, difficulty swallowing, recurrent aspiration  
     pneumonia, cough during meals
Neck  Poor head control
Trunk  Scoliosis, lumbar lordosis, protuberant abdomen, 
     difficulty sitting up
Shoulder girdle Difficulty lifting objects overhead, scapular winging
Forearm/hand Inability to make a tight fist, finger or wrist drop, inability  
     to prevent escape from hand grip
Pelvic girdle Difficulty climbing stairs, waddling gait, Gower’s sign
Leg/foot  Foot drop, inability to walk on heels or toes
Respiratory Use of accessory muscles

Table 12  Expanded Medical Research Council of Great Britian 
scale for manual muscle testing

  Modified Degree of strength
MRC Grade
     5   Normal power
     5-  Equivocal, barely detectable weakness
     4+  Definite but slight weakness
     4  Able to move the joint against combination of gravity  
     and some resistance
     4-  Capable of minimal resistance
     3+  Capable of transient resistance but collapses abruptly
     3   Active movement against gravity
     3-  Able to move against gravity but not through full range
     2  Able to move with gravity eliminated
     1   Trace contraction
     0   No contraction

MRC = Medical Research Center of Great Britian



Finally, cranial nerve muscles such as the orbicularis oculi and oris, 
extraocular muscles, tongue, and palate should be examined. These 
may be best tested by observation of functional activities such as 
asking the patient to whistle, suck from a straw, and smile.

In addition to manual muscle testing and functional testing, muscles 
should be inspected for evidence of atrophy or hypertrophy. Atrophy 
of proximal limb muscles is common in most chronic myopathies. 
However, certain myopathies may demonstrate atrophy in specific 
groups that correspond to severe weakness in those muscles and 
provide additional diagnostic clues. For example, atrophy of the 
periscapular muscles associated with scapular winging is characteris-
tic of FSHD. Scapular winging is also seen in patients with LGMD 
1B (laminopathy), LGMD 2A (calpainopathy), and LGMD 2C-F 
(sarcoglycanopathies). Selective atrophy of the quadriceps muscles 
and forearm flexor muscles is highly suggestive of IBM. Distal myo-
pathies may have profound atrophy of the anterior or posterior lower 
extremity compartments. On the other hand, muscles can show evi-
dence of hypertrophy in some myotonic conditions such as myotonia 
congenita. Muscle hypertrophy is also characterized by disorders 
including amyloidosis, sarcoidosis, and hypothyroid myopathy. In 
DMD and BMD, the calf muscles demonstrate “pseudohypertro-
phy” due to replacement with connective tissue and fat. Calf muscle 
hypertrophy is also characteristically seen in LGMD 2C-F (sarcogly-
canopathies) and LGMD 2I (fukutin-related protein). In LGMD 2G 
(telethoninopathy), 50% of the patients will show calf hypertrophy 
and 50% will demonstrate calf atrophy. Focal muscle enlargement 
can also be due to a neoplastic or inflammatory process, ectopic os-
sification, tendon rupture, or partial denervation.

PATTERN RECOGNITION APPROACH TO MYOPATHIC 
DISORDERS

After answering the six key questions obtained from the history and 
neurologic examination outlined above, the physician can attempt 
to classify a myopathic disorder into one of six distinctive patterns 
of muscle weakness, each with a limited differential diagnosis. The 
final diagnosis can then be confirmed based on information from a 
selective number of laboratory studies.

Pattern 1: Proximal Limb-girdle Weakness

The most common pattern of muscle weakness in myopathies is 
symmetric weakness affecting predominantly the proximal muscles 
of the legs and arms or the so-called “limb-girdle” distribution. The 
distal muscles are usually involved, but to a much lesser extent. Neck 
extensor and flexor muscles are also frequently affected. This pattern 
of weakness is seen in most hereditary and acquired myopathies and, 
therefore, is the least specific in arriving at a particular diagnosis.

Pattern 2: Distal Weakness

Distal weakness predominantly involves the distal muscles of the 
upper or lower extremities (anterior or posterior compartment 
muscle groups) (see Table 13). Depending on the diagnosis and 

severity of disease, proximal muscles may also be affected. The in-
volvement is usually, although not invariably, symmetric. Selective 
weakness and atrophy in distal extremity muscles is more commonly 
a feature of neuropathies and, therefore, a careful sensory and reflex 
examination must always be performed in patients presenting with 
this phenotype.

Pattern 3: Proximal Arm/Distal Leg Weakness 
(Scapuloperoneal)

Proximal arm/distal leg weakness affects the periscapular muscles 
of the proximal arm and the anterior compartment muscles of the 
distal lower extremity, or the so-called “scapuloperoneal” distribution 
(see Table 13). The scapular muscle weakness is usually characterized 
by scapular winging. Weakness can be very asymmetric. When this 
pattern is associated with facial weakness, it is highly suggestive of a 
diagnosis of FSHD. Other hereditary myopathies that are associated 
with a scapuloperoneal distribution of weakness include scapuloper-
oneal dystrophy, EDMD, LGMD 1B (laminopathies), LGMD 2A 
(calpain), LGMD 2C-F (sarcoglycans), congenital myopathies, and 
acid maltase deficiency.
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Table 13  Pattern 2: Myopathies characterized by predominantly distal 
weakness

Distal myopathies
 Late adult onset distal myopathy Type 1 (Welander)
 Late adult onset distal myopathy Type 2 (Markesbery/Udd)
 Early adult onset distal myopathy Type 1 (Nonaka)
 Early adult onset distal myopathy Type 2 (Miyoshi)
 Early adult onset distal myopathy Type 3 (Laing)
 Myofibrillar myopathy
 Childhood onset distal myopathy
Myotonic dystrophy
Facioscapulohumeral dystrophy*
Scapuloperoneal myopathy*
Oculopharyngeal dystrophy
Emery-Dreifuss humeroperonal dystrophy*
Inflammatory myopathies
 Inclusion body myositis
Metabolic myopathies
 Debrancher deficiency
 Acid-maltase deficiency*
Congenital myopathies
 Nemaline myopathy*
 Central core myopathy*

 Centronuclear myopathy   

*scapuloperoneal pattern may occur
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Pattern 4: Distal Arm/Proximal Leg Weakness

Distal arm/proximal leg weakness is associated with distal arm weak-
ness involving the distal forearm muscles (wrist and finger flexors) 
and proximal leg weakness involving the knee extensors (quadriceps). 
The facial muscles are usually spared. Involvement of other muscles 
is extremely variable. In addition, the weakness is often asymmetric 
between the two sides, which is uncommon in most myopathies. 
This pattern is essentially pathognomonic for IBM. This pattern may 
also represent an uncommon presentation of myotonic dystrophy. 
However, unlike IBM, muscle weakness is symmetric.

Pattern 5: Ptosis with or without Ophthalmoplegia

Myopathies presenting with predominant involvement of ocular and/
or pharyngeal muscles represent a relatively limited group of disorders 
(see Table 14). The eye involvement principally results in ptosis and 
opthalmoplegia which usually, although not always, occurs without 
symptoms of diplopia. Facial weakness is not uncommon and extrem-
ity weakness is extremely variable, depending on the diagnosis.

The combination of ptosis, ophthalmoplegia without diplopia, and 
dysphagia should suggest the diagnosis of oculopharyngeal dys-
trophy, especially if the onset is in middle-age or later. Ptosis and 
ophthalmoplegia without prominent pharyngeal involvement is a 
hallmark of many of the mitochondrial myopathies. Ptosis and facial 
weakness without ophthalmoplegia is a common feature of myotonic 
dystrophy and FSHD.

Pattern 6: Prominent Neck Extensor Weakness

Prominent neck extensor weakness is characterized by severe weak-
ness of the neck extensor muscles. The term “dropped head syn-
drome” has been used in this situation (see Table 15). Involvement of 
the neck flexors is variable. Extremity weakness is dependent on the 
diagnosis and may follow one of the previously outlined phenotypic 
patterns. For example, a patient with a limb-girdle pattern of weak-

ness may also have significant neck extensor involvement. Isolated 
neck extension weakness represents a distinct muscle disorder called 
isolated neck extensor myopathy (INEM). Prominent neck extensor 
weakness is also common in two other neuromuscular diseases: ALS 
and myasthenia gravis (MG).

Pattern 7: Bulbar Weakness

Bulbar weakness (i.e., tongue and pharyngeal weakness) is mani-
fested by dysarthria and dysphagia. While a number of myopathies 
can have some bulbar involvement, the muscular dystrophy that has 
bulbar involvement as a primary manifestation is oculopharyngeal 
muscular dystrophy. Neuromuscular junction disorders such as MG 
and Lambert-Eaton myasthenic syndrome (LEMS) also frequently 
have bulbar symptoms and signs. This pattern is considered an 
“overlap” pattern with ALS and other motor neuron disorders that 
can have significant bulbar involvement.

Pattern 8: Episodic Pain, Weakness and Myoglobinuria

Episodic pain, weakness and myoglobinuria (see Table 16) is the 
pattern for myoglobinurial/rhabdomyolysis. The trigger is either ex-
ercise, metabolic myopathies, or drugs/trauma/infection. A number 
of patients who fall into the exercise trigger pattern do not turn 
out to have a metabolic myopathy, and the myoglobuinuria occurs 
because they are inactive individuals who are suddenly required to 
do an overhwleming amount of exercise (i.e., the couch potato/rhab-
domyolysis syndrome).

Pattern 9: Episodic Weakness Delayed or Unrelated to 
Exercise

Episodic weakness delayed or unrelated to exercise (see Table 17) 
applies to the disorders of periodic paralysis—both the genetic au-
tosomal dominant channelopathies (see Table 18) and the secondary 
periodic paralyses, such as those due to thyrotoxicosis. In addition, 
it is reasonable to include the neuromuscular junction disorders in 
this pattern for completeness sake. In all of these conditions, the 
weakness can occur during or after exercise or often is unrelated to 
physical exertion.

Table 14  Pattern 5: Myopathies with ptosis or ophthalmoplegia

Ptosis without ophthalmoplegia
  Myotonic dystrophy
  Congenital myopathies
   Centronuclear myopathy
   Nemaline myopathy
   Central core myopathy
  Desmin (myofibrillary) myopathy
Ptosis with ophthalmoplegia
  Oculopharyngeal muscular dystrophy
  Oculopharyngodistal myopathy
  Chronic progressive external ophthalmoplegia  
    (mitochondrial myopathy)
  Neuromuscular junction disease (myasthenia gravis, 
     Lambert-Eaton, botulism)

Table 15  Pattern 6: Myopathies with prominent neck extensor 
weakness

 Isolated neck extensor myopathy 
 Polymyositis
 Dermatomyositis
 Inclusion body myositis
 Carnitine deficiency
 Facioscapulomumeral dystrophy
 Myotonic dystrophy
 Congenital myopathy
 Hyperparathyroidism



Pattern 10: Stiffness and Decreased Ability to Relax

Pattern 10 is for all of the disorders that produce myotonia and 
paramyotonia. This includes the hereditary disorders involving 
sodium and chloride channelopathies (see Tables 18 and 19), as well 
as myotonic dystrophy types 1 and 2. Both myotonic dystrophies 
usually have fixed muscle weakness as well, often distal in dermato-
myositis 1 (DM1) and proximal in DM2. The autosomal recessive 
form of chloride channelopathies, Becker’s disease, usually has fixed 
proximal weakness as well. In addition, a few other disorders can be 

Table 16 Pattern 8: Myopathies with episodic pain, weakness, and 
myoglobinuria/rhabdomyolysis with trigger

Related to exercise
Glycogenoses (McArdle’s, etc.)
Lipid disorders (CPT deficiency)
Couch potatoes and exercise

Not related to exercise
Malignant hyperthermia
Drugs/toxins
Trauma (crush injury)
PM/DM (rare!)
Viral/bacterial infections
Central non-neuromuscular causes 
Neuroleptic malignant syndrome
 Status epilepticus

CPT = carnitine pelmityl transferase; PM/DM = polymyositis/dermatomyositis

Table 17  Pattern 9: Episodic weakness: delayed or unrelated to exercise

Periodic paralysis
Na++ channelopathies (hyperkalemic)
Ca++ channelopathies (hypokalemic)
Andersen’s syndrome
Secondary PP (thyrotoxicosis)

Other: Neuromuscular junction diseases

PP = periodic paralysis
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Disorder Clinical features Pattern of inheritance Chromosome Gene
Chloride channelopathies
  Myotonia congenita
      Thomsen’s disease
      Becker type

Myotonia
Myotonia and weakness

AD
AR

7q35
7q35

CLC-1
CLC-1

Sodium channelopathies
  Paramyotonia congenita
  Hyperkalemic periodic paralysis

Paramyotonia
Periodic paralysis and myotonia 
and paramyotonia

AD
AD

17q13.1-13.3
17q13.1-13.3

SCNA4A
SCNA4A

Potassium-aggravated myotonias
     Myotonia fluctuans
     Myotonia permanens
    Acetazolamide-responsive    
       myotonia

Myotonia
Myotonia
Myotonia

AD
AD
AD

17q13.1-13.3
17q13.1-13.3
17q13.1-13.3

SCNA4A
SCNA4A
SCNA4A

Calcium channelopathies
    Hypokalemic periodic paralysis Periodic paralysis AD 1a31-32 Dihydropyridate receptor
Schwartz-Jampel syndrome
(Chondrodystrophic myotonia)

Myotonia; dysmorphic AR 1p34.1-36.1 Perlecan

Rippling muscle disease Muscle mounding/stiffness AD 1q41
3p25

Unknown Caveolin-3

Anderson’s syndrome Periodic paralysis, cardiac 
arrhythmia, dysmorphic

AD 17q23 KCMJ2-Kir 2.1

Brody’s disease Delayed relaxation, no myotonia AR 16p12 Calcium-ATPase
Malignant hyperthermia Anesthetic induced delayed 

relaxation
AD 19q13.1 Ryanodine receptor

Table 18  Channelopathies And Related Disorders

AD = autosomal dominant, AR = autosomal recessive
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put in this pattern. These include Brody’s disease, neuromyotonia, 
and the central nervous system disorder stiff-person syndrome (see 
Table 18).

Table 20 (on page 10) summarizes these 10 patterns of presentation 
of muscle disease.

LABORATORY APPROACH IN THE EVALUATION OF A 
SUSPECTED MYOPATHY

Creatine Kinase

Creatine kinase (CK) is the single most useful laboratory study for 
the evaluation of patients with a suspected myopathy. The CK is 
elevated in the majority of patients with muscle disease but may be 
normal in slowly progressive myopathies. The degree of CK elevation 
can also be helpful in distinguishing different forms of muscular dys-
trophy. For example, in DMD, the CK is invariably at least 10 times 
(and often up to 100 times) normal, whereas in most other myo-
pathies there are lesser elevations. The other exceptions are LGMD 
1C (caveolinopathy), 2A (calpainopathy), and 2B (dysferlinopathy) 
where the CK may also be markedly elevated. The CK level may not 
be elevated in some myopathies or may even by lowered by a number 
of factors including profound muscle wasting, corticosteroid admin-
istration, collagen diseases, alcoholism, or hyperthyroidism.

It is also important to remember that an elevation of serum CK does 
not necessarily imply a primary myopathic disorder (see Table 21). 
Many times the CK will rise modestly (usually to less than 10 times 
normal) in motor neuron disease and uncommonly, CK elevations 
may be seen in Guillain-Barré syndrome (GBS), chronic inflam-
matory demyelinating polyneuropathy (CIDP), or Charcot-Marie-
Tooth (CMT) hereditary neuropathy. Endocrine disorders such as 

hypothyroidism and hypoparathyroidism can also be associated with 
high CK levels. Causes of CK elevation other than neuromuscular 
disease include: muscle trauma (falls, intramuscular or subcutaneous 
injections, needle EMG studies), viral illnesses, seizures, or strenuous 
exercise. In these cases, CK elevations are usually transient and less 
than five times normal.

Race and gender can also affect serum CK (see Table 22). CK levels 
are frequently above the “normal” range in some black individuals 
and in patients with enlarged muscles. Occasionally, benign eleva-
tions of CK appear on a hereditary basis. It is extremely unusual for 
a slightly elevated CPK (creatine phosphokinase), threefold or less, to 
be associated with an underlying myopathy in the absence of objec-
tive muscle weakness or pain.

Serum tests for other muscle enzymes are significantly less helpful 
than the determination of the CK. Enzymes such as aspartate amin-
otransferase (AST, SGOT), alanine aminotransferase (ALT, SGPT), 
and lactate dehydrogenase (LDH) may be slightly elevated in myo-
pathies. Since AST, ALT, and LDH are often measured in screening 
chemistry panels, their elevation should prompt CK measurement to 
determine if the source is muscle or liver. If a patient with an inflam-
matory myopathy is treated with an immunosuppressive agent that 
may cause hepatoxicity, the liver specific enzyme, gamma glutamic 
transferase (GGT), should be followed.

In general, CK isoenzymes are not helpful in evaluating myopathies. 
CK-MM elevations are typical of muscle disease, but CK-MB is also 
elevated in myopathies and does not indicate that cardiac disease  
is present.

Table 19 Pattern 10: Stiffness/decreased ability to relax

Improves with exercise
Myotonia – Na++ or Cl- channelopathy

Worsens with exercise/cold sensation
Paramyotonia – Na++ channelopathy
Brody’s disease

With fixed weakness
Myotonic dystrophy (DM 1)
Proximal myotonic myopathy (DM 2)
Becker’s disease (AR Cl- channelopathy)

Other 
Rippling muscle
Malignant hyperthermia
Neuromyotonia
Stiff-person

AR = autosomal recessive, DM = dermatomyositis

Table 21  Differential diagnosisof creatine kinase elevation

Myopathies       Neuropathies
   Muscular dystrophies      Charcot-Marie Tooth
   Congenital myopathies      Guillain-Barrė syndrome                                                                                                        
   Metabolic myopathies   
   Channelopathies       Others
   Inflammatory myopathies      Viral illnesses
   Drug/toxin-induced       Medications
   Carrier state (dystrophinopathies     Surgery
   Hypothyrdoidism/hypoparathyroidism        Trauma (needle EMG studies,  
            IM or SQ injections)
                           Strenuous exercise
Motor neuron diseases      Increased muscle mass
   Amyotrophic lateral sclerosis      Race
   Spinal muscular atrophy      Sex
   Postpolio syndrome      “Idiopathic hyperCKemia”

EMG = electromyography, IM = intramuscular, SQ = subcutaneous



Electrophysiologic Studies

Electrodiagnostic (EDX) studies, consisting of both nerve conduc-
tion studies (NCS) and needle EMG should be part of the routine 
evaluation of a patient with a suspected myopathy. These studies are 
helpful in confirming that the muscle is indeed the correct site of 
the lesion and that weakness is not the result of an underlying motor 
neuron disease, neuropathy, or neuromuscular junction disorder. 
NCSs are typically normal in patients with myopathy. Needle EMG 

examination showing evidence of brief duration, small amplitude 
motor units with increased recruitment can be extremely helpful 
in confirming the presence of a myopathy. Needle EMG can also 
provide a clue as to which muscles have had recent or ongoing 
muscle injury and can be a guide as to which muscle to biopsy. It is 
important to realize, however, that the needle EMG can be normal 
in a patient with myopathy and the results of EDX studies need to 
be evaluated in the context of the patient’s history, neurological ex-
amination, and other laboratory studies.

The Muscle Biopsy

If the clinical and/or EDX features suggest the possibility of a myopa-
thy, a muscle biopsy may be an appropriate test to confirm the diag-
nosis. However, many forms of hereditary muscle disorders can now 
be diagnosed with molecular genetic testing, eliminating the need 
for performing a muscle biopsy in every patient. A muscle specimen 
can be obtained through either an open or closed (needle or punch) 
biopsy procedure. The advantages of a needle or punch biopsy are 

Table 20 Clinical patterns of muscle disorders

Weakness
Proximal Distal Asymmetric Symmetric Episodic Trigger Diagnosis

Pattern 1 
Limb-girdle*

+ + Most myopathies – hereditary and acquired 
(overlap with spinal muscular atrophy)*

Pattern 2*
Distal

+ + Distal myopathies (overlap with 
neuropathies)*

Pattern 3
Proximal arm/distal leg 
“scapuloperoneal”

+
Arm

+
Leg

+
(FSH)

+
(others)

FSH, Emery-Dreifuss, acid maltase, 
congenital scapuloperoneal

Pattern 4
Distal arm/proximal leg

+
Leg

+
Arm

+ IBM,  myotonic dystrophy

Pattern 5
Ptosis/ophthalmoplegia

+ + 
(MG)

+
(others)

OPD, MG, myotonic dystrophy, mitochondria

Pattern 6*
Neck extensor

+ + INEM, MG, (overlap with ALS)*

Pattern 7*
Bulbar (tongue, pharyngeal)

+ + MG, LEMS, OPD, (overlap with ALS)*

Pattern 8
Episodic weakness/ 
Pain/rhabdomyolysis + trigger

+ + + + McArdle’s, CPT, drugs, toxins

Pattern 9
Episodic weakness delayed or 
unrelated to exercise inability

+ + + ± Primary periodic paralysis, channelopathies,
Na++, Ca++, secondary periodic paralysis

Pattern 10
Stiffness/inability to relax

+ ± Myotonic dystrophy, channelopathies, 
rippling muscle (other: stiff-person, 
neuromyotonia)

*Overlap patterns with neuropathy/motor neuron disease

ALS = amyotrophic lateral sclerosis, CPT = carnitine palmitoyltransferase, FSH= follicle-stimulating hormone, IBM = inclusion body myositis, INEM = isolated neck extensor 
myopathy, LEMS = Lambert-Eaton myasthenic syndrome, MG = myasthenia gravis, OPD = oculopharyngeal dystrophy

Table 22  Effect of race and gender on creatine kinase 
measurements

Group  Constituents  ULN (97.5%)
High  Black males  520 IU/L
Intermediate Nonblack males  345 IU/L
   Black females 
Low   Nonblack females  145 IU/L

ULN = upper limits of normal
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that it is minimally invasive and cosmetically more appealing.  In ad-
dition, multiple specimens can be obtained with a needle or punch 
biopsy. The disadvantage of the closed biopsy procedure is that not 
all laboratories have the expertise to adequately process the muscle 
tissue acquired with this approach for all the necessary studies.

Selection of the appropriate muscle to biopsy is critical. Muscles that 
are severely weak (MRC grade 3 or less) should be not be biopsied 
since the results are likely to show only evidence of “end-stage” 
muscle. In addition, muscles which have recently been studied by 
needle EMG should be avoided due to the possibility of artifacts 
created by needle insertion. Biopsies should generally be taken from 
muscles which demonstrate MRC grade 4 strength. For practical 
purposes, the biceps or deltoidare are the muscles of choice in the 
upper extremities.  In the lower extremities, the best choice is the 
vastus lateralis. The gastrocnemius should be avoided since its tendon 
insertion extends throughout the muscle and inadvertent sampling 
of a myotendinous junction may cause difficulty with interpretation. 
Occasionally, imaging procedures such as muscle ultrasound, com-
puted tomography (CT), or magnetic resonance imaging (MRI) can 
be used to guide selection of the appropriate muscle to biopsy.

Biopsy specimens can be analyzed by light microscopy, electron mi-
croscopy, biochemical studies, and immune staining (see Table 23). 
In most instances, light microscopic observations of frozen muscle 
tissue specimens are sufficient in making a pathologic diagnosis. 
Typical myopathic abnormalities include central nuclei, both small 
and large hypertrophic round fibers, split fibers, and degenerating 
and regenerating fibers. Inflammatory myopathies are characterized 
by the presence of mononuclear inflammatory cells in the endomy-
sial and perimysial connective tissue between fibers and occasionally 
around blood vessels. In addition, atrophy of fibers located on the 
periphery of a muscle fascicle, perifascicular atrophy, is a common 
finding in DM. Chronic myopathies frequently show evidence of 
increased connective tissue and fat.

For general histology, the hematoxylin and eosin (H&E) and modi-
fied Gomori trichrome are the most useful. The latter is particularly 
helpful in identifying ragged-red fibers, which might suggest a 
mitochondrial disorder. In addition to these standard stains, other 
histochemical reactions can be used to gain additional information 
(see Table 25). The myosin ATPase stains (alkaline: pH 9.4; acidic: 
pH 4.3 and 4.6) allow a thorough evaluation of histochemistry 
fiber types. Type 1 fibers (slow-twitch, fatigue-resistant, oxidative 
metabolism) stain lightly at alkaline and darkly at acidic pHs. Type 2 
fibers (fast-twitch, fatigue-prone, glycolytic metabolism) stain darkly 
at alkaline and lightly at acidic pHs. Normally, there is a random 
distribution of the two fiber types and there are generally twice as 
many type 2 as type 1 fibers. In a number of myopathies, there is 
a nonspecific type 1 fiber predominance. Oxidative enzyme stains 
(NADH dehydrogenase, succinate dehydrogenase, cytochrome-c 
oxidase) are useful for identifying myofibrillar and mitochondrial 
abnormalities. Stains for Periodic acid-Schiff (PAS) stains can be 
helpful in identifying glycogen storage diseases, and Oil Red O stains 
may assist with the diagnosis of a lipid storage disease. Acid and 
alkaline phosphatase reactions can highlight necrotic and regenerat-
ing fibers, respectively. Qualitative biochemical enzymes stains can 
be performed for myophosphorylase (McArdle’s disease), phospho-

fructokinase (PFK deficincy) and myoadenylate deaminase (MAD 
deficiency). Amyloid deposition can be assayed with Congo red or 
crystal violet staining. Finally, immunohistochemical techniques can 
stain for muscle proteins that are deficient in some muscular dystro-
phies (e.g., dystrophin in DMD and BMD) or for products that are 
increased in certain inflammatory myopathies, such as the membrane 
attack complex in dermatomyositis.

Electron microscopy (EM) evaluates the ultrastructural components 
of muscle fibers and is not required in the majority of myopathies to 
make a pathologic diagnosis. EM is important, however, in the di-
agnosis of some congenital myopathies and mitochondrial disorders. 
Findings detected only by EM are seldom of clinical importance.

The muscle tissue can also be processed for biochemical analysis to 
determine a specific enzyme defect in the evaluation of a possible 
metabolic or mitochondrial myopathy. In addition, Western blot de-
terminations from muscle tissue can be performed for certain muscle 
proteins. This type of analysis is usually limited to the dystrophin 
assays when the immunostains and the molecular genetic studies are 
inconclusive in establishing a diagnosis of either DMD or BMD.

Molecular Genetic Studies

The specific molecular genetic defect is now known for a large 
number of hereditary myopathies, and mutations can be identi-
fied by peripheral blood deoxyribonucleic acid (DNA) analysis. 

Table 23  Utility of muscle biopsy stains and histochemical 
reactions 

Histochemical reactions and stains  Clinical utility
Hematoxylin and eosin  General histology
Gomori trichrome   General histology and  
        mitochondrial disease
ATPase    Distribution of fiber types
NADH, SDH, cytochrome oxidase Myofibrillar and mitochondrial  
        abnormalities
Periodic acid-Schniff   Glycogen storage diseases
Oil Red O    Lipid storage diseases
Congo red, crystal violet  Detection of amyloid  
        deposition
Myophosphorylase   McArdle’s disease
Phosphofructokinase   Phosphofructokinase  
        deficiency
Myoadenylate deaminase  Myoadenylate deaminase  
        deficiency
Dystrophin immunostain  Duchenne and Becker MD  
        muscular dystrophy
Dysferlin immunostain  Limb-girdle MD 2B
Membrane attack complex immunostain Dermatomyositis

MD = muscular dystrophy, NADH = nicotinamide adenine dinucleotide plus hydrogen, 
SDH = succinate dehydrogenase 



Molecular genetic studies which are commercially available are in-
cluded in Table 24. Molecular genetic testing frequently eliminates 
the need for muscle biopsy. This technology is also extremely helpful 
for determining carrier status and for performing prenatal testing.

Other Tests

In addition to CK determinations, additional blood tests that can 
be extremely helpful in the evaluation of a patient with a suspected 
myopathy include serum electrolytes, thyroid function tests, parathy-
roid hormone levels, and human immunodeficiency virus (HIV). In 
patients with an inflammatory myopathy, serologic determinations 
for systemic lupus erythematosis, rheumatoid arthritis, and other 
immunologic markers (e.g., Jo-1 antibodies) can occasionally be 
useful. A urine analysis can also be performed to detect the presence 
of myoglobinuria. This should be suspected if the urine tests positive 
for blood but no red blood cells are identified.

Forearm exercise testing can be a critical part of the evaluation of 
a patient with a suspected metabolic myopathy.  The exercise test 
should be carried out without the blood pressure cuff since ischemic 
exercise may be hazardous in patients with defects in the glycolytic 
enzyme pathway. The test is performed by asking the patient to 
perform isometric contractions using a hand grip dynamometer for 

1.5 seconds separated by rest periods of 0.5 seconds for 1 minute. A 
resting blood sample for venous lactate and ammonia is obtained at 
baseline and subsequently at 1, 2, 4, 6, and 10 minutes following the 
completion of exercise. A threefold increase in lactate level represents 
a normal response. The characteristic elevation of serum lactate after 
exercise is absent (phosphofructokinase deficiency, myophosphory-
lase deficiency) or reduced (phosphoglycerase mutase deficiency). 
Forearm testing is normal in all disorders of fat metabolism and also 
in some glycolytic disorders with fixed muscle weakness, such as acid 
maltase deficiency.

CONCLUSION

While this “pattern recognition approach” to myopathy may have 
limitations, it can be extremely helpful in narrowing the differen-
tial diagnosis and, therefore, minimizing the number of laboratory 
studies which must be ordered to confirm the diagnosis. There will 
always be patients with muscle disease who will not fit neatly into 
any of these six categories. In addition, patients with involvement 
of other areas of the neuroaxis such as the motor neuron, peripheral 
nerve, or neuromuscular junction, may also frequently present with 
one of these patterns. For example, while proximal greater than distal 
weakness is most often seen in a myopathy, patients with acquired 
demyelinating neuropathies (GBS and CIDP) often have proximal 
as well as distal muscle involvement. Careful consideration of the 
distribution of muscle weakness and attention to these common pat-
terns of involvement in the context of other aspects of the neurologic 
examination and laboratory evaluation will usually, however, lead the 
clinician to a timely and accurate diagnosis.
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Table 24  Commercially available molecular genetic studies performed 
with peripheral blood samples

Duchenne and Becker MD
Facioscapulohumeral MD
Myotonic dystrophy (Types 1 and 2)
Oculopharyngeal MD
Limb-girdle MD 1B, 2A, 2C-F, and 2I
Congenital MD (FKRP, FCMD, MEB and POMT1 mutations)
Nonaka myopathy/inclusion body myopathy type 2
Nemaline myopathy (ACTA1 mutations)
Myotubular myopathy (MTM1 mutations)
Myoclonic epilepsy and ragged red fibers (MERRF)
Mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke (MELAS)

MD = muscular dystrophy, FCMD = Fukuyama congenital muscular dystrophy, 
FKRP = fukutin-related protein, MEB = muscle-eye-brain disease, POMT1 = 
protein-O-mannosyltransferase 1
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The muscular dystrophies are a clinically and genetically hetero-
geneous group of myopathies typically associated with progressive 
weakness. Weakness may be noted at birth or develop in late adult 
life. Some patients manifest with myalgias, rhabdomyolysis, or only 
elevated serum creatine kinase (CK) levels without any symptoms or 
signs of weakness. The muscular dystrophies can be inherited in an 
X-linked, autosomal recessive, or autosomal dominant fashion and 
can result from mutations affecting structural proteins localizable to 
the sarcolemmal proteins, nuclear membrane, basement membrane, 
sarcomere, or nonstructural enzymatic proteins. This discussion pro-
vides a brief overview of the muscular dystrophies.

CLASSIFICATION

Historically, the muscular dystrophies have been defined as progres-
sive myopathies in which muscle biopsies demonstrate replacement 
of muscle fibers by adipose and connective tissue. The clinical onset 
of the dystrophy may be evident at birth as in congenital muscular 
dystrophies or not develop until late adulthood. The dystrophies 
were believed to differ from congenital myopathies by the presence 
of specific ultrastructural abnormalities apparent in muscle biopsies 
in the latter (e.g., nemaline rods, cores, or minicores). However, with 
advances in molecular genetics the distinction between what consti-
tutes a muscular dystrophy and congenital myopathy has become 
blurred. For example, myofibrillar abnormalities and inclusions such 
as nemaline rods and cytoplasmic bodies, reducing bodies that ini-
tially led to their categorization as congenital myopathies, have been 

noted in disorders known to carry similar genetic defects which have 
been considered forms of dystrophies.

Dystrophies have been classified according to age of onset, mode 
of inheritance, and pattern of weakness (see Table 1). For example, 
those that present at birth have been termed congenital muscular 
dystrophies (MDC). Dystrophies also named based on the patterns 
of muscle involvement include: limb-girdle muscular dystrophy 
(LGMD), facioscapulohumeral dystrophy (FSHD), oculopharyn-
geal muscular dystrophy (OPMD), distal myopathy/dystrophies, 
and scapuloperoneal dystrophy. Within the distal muscular dystro-
phies, subclassifications have been based on inheritance pattern, 
age of onset, and the specific muscle groups initially affected (e.g., 
the Markesbery-Griggs, Udd, and Laing types of distal myopathy 
have preferential involvement of the anterior tibial muscles; Miyoshi 
myopathy the gastronemius; and Welander myopathy the extensor 
forearm muscles). LGMDs are dystrophies associated with proximal 
greater than distal weakness. LGMDs inherited in an autosomal 
dominant fashion are termed LGMD type 1 (LGMD1), while 
autosomal recessive dystrophies are called LGMD2. Further subclas-
sifications of the LGMDs are based on genotype differences (e.g., 
LGMD1A, LGMD1B, etc).

There are problems with this traditional classification of muscular 
dystrophies. We now know that most of the genetic defects previ-
ously found to be associated with MDC can all be associated with 
milder, adult-onset dystrophy (see Table 1). Also, clinical hetero-
geneity is sometimes evident within family members with specific 
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mutations such that some may manifest with a limb-girdle pattern 
of weakness, while other members in the family have distal weakness 
(e.g., Miyoshi myopathy, anterior tibial myopathy, LGMD 2B are 
all associated with dysferlin mutations). Thus, it may be more ap-
propriate to classify the dystrophies by the genetic defect (e.g., dys-
ferlinopathies, calpainopathy) and to understand the specific clinical 
phenotype, including age of onset and patterns of weakness that may 
be associated with the specific disorders. However, the classic termi-
nology (e.g., LGMD) is so ingrained that it is likely to persist until a 
new generation of clinical investigators armed with the explanations 
for divergent phenotypes writes its textbooks.
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Disease Inheritance Chromosome Affected protein
X-linked dystrophies
DMD/BMD XR Xp21 Dystrophin
EDMD XR Xq28 Emerin
Scapuloperoneal/ 
reducing body 
myopathy

XR Xq26.3 Four-and-a-half 
LIM domain 
protein 1 (FHL1)

Limb-girdle dystrophies (LGMDs)
LGMD1A AD 5q22.3-31.3 Myotilin
LGMD1B AD 1q11-21 Lamin A and C
LGMD1C AD 3p25 Caveolin-3
LGMD1D AD 6q23 ?
LGMD1E AD 7q ?
LGMD2A AR 15q15.1-21.1 Calpain 3
LGMD2B AR 2p13 Dysferlin
LGMD2C AR 13q12 γ-sarcoglycan
LGMD2D AR 17q12-21.3 α-sarcoglycan
LGMD2E AR 4q12 β-sarcoglycan
LGMD2F AR 5q33-34 δ-sarcoglycan
LGMD2G AR 17q11-12 Telethonin
LGMD2H AR 9q31-33 E3-ubiquitin-

ligase (TRIM 32)
LGMD2I AR 19q13 FKRP
LGMD2J AR 2q31 Titin
LGMD2K AR 9q31 POMT1
LGMD2L AR 11p14.3 Anoctamin 5
LGMD2M AR 9q31-33 Fukutin
LGMD2N AR 1p32 POMGnT1
LGMD2O AR 14q24 POMT1
Congenital muscular dystrophies (MDCs)
MDC1A AR 6q22-23 Laminin- α-2 chain
α-7 Integrin related MDC AR 12q13 α-7 Integrin
MCC/LGMD2I AR 19q13 FKRP
Fukuyama/LGMD2L AR 9q31-33 Fukutin
WWS/LGMD2K AR 9q31 POMT1
MEB disease/LGMD2M AR 1p32 POMGnT1
Rigid spine syndrome AR 1p35-36 Selenoprotein N1
Ullrich/Bethlem AR/AD 21q22.3 and 

2q37
Collagens 6A1, 
6A2, and 6A3

Distal dystrophies/myopathies
Welander AD 2p13 ?
Udd AD 2q31 Titin
Markesbery-Griggs AD 10q22.3-23.2 ZASP
Nonaka AR 9p1-q1 GNE
Miyoshi 1 AR 2p13 Dysferlin
Miyoshi 2 AR 11p14.3 Anoctamin 5
Laing (MPD1) AD 14q11 MyHC 7
VCPDM or MPD2 AD 5q31 Matrin 3

Disease Inheritance Chromosome Affected protein
Other dystrophies
Facioscapulohumeral AD 4q35 ?
Scapuloperoneal 
dystrophy

AD 2q35 Desmin

AD 14q11 MyHC 7
XR Xq26.3 

domain 
protein

Four-and-a-half 
LIM domain 
protien 1 (FHL1)

EDMD type 3 AD 6q24 Nesprin-1
EDMD type 4 AD 14q23 Nesprin-2
Oculopharyngeal AD 14q11.2-13 PABP2
Myotonic dystrophy 1 AD 19q13.3 DMPK
Myotonic dystrophy 2 AD 3q21 ZNF9
Myofibrillar myopathy AD 5q22.3-31.3 Myotilin

AD 10q22.3-23.2 ZASP
AD 7q32.1 Filamin-c
AD 11q21-23 αB-crystallin 
AD/AR 2q35 Desmin
AR 1p36 Selenoprotein N1
AD 10q25-26 BAG-3

Hereditary inclusion body myopathy (H-IBM)
AR-H-IBM AR GNE
H-IBM with FTD AD VCP and Paget 

disease
H-IBM 3 AD MyHC IIa

*LGMD2B and Miyoshi distal dystrophy are same condition 
AD = autosomal dominant, AR = autosomal recessive, BMD = Becker muscular dys-
trophy, DMD = Duchenne muscular dystrophy, DMPK = myotonic dystrophy protein 
kinase, EDMD = Emery-Dreifuss muscular dystrophy, FKRP = fukutin-related protein, 
FRG1 = (FSHD region gene 1), FTD = frontotemporal dementia, GNE = UDP-N-
acetylglucosamine 2-epimerase/n-acetylmannosamine kinase, H-IBM = hereditary 
inclusion body myopathy, LGMD = limb-girdle muscular dystrophy, MCC = Compton-
North congenital myopathy, MEB = muscle eye brain, MPD1 = distal myopathy type 1, 
MPD2 = distal myopathy type 2, MyHC = myosin heavy chain, PABP2 = poly(A)-binding 
protein 2, POMGnT1 = O-mannose β-1,2-N-acetylglucosaminyl transferase, POMT1 = 
O-mannosyltransferase gene, TRIM32 = tripartite motif-containing protein 32, VCP = 
valosin containing protein, VCPDM = distal myopathy with vocal cord and pharyngeal 
weakness, WSS = Walker-Warburg syndrome, XR = X-linked, ZASP = Z-band alterna-
tively spliced PDZ motif-containing protein, ZNF9 = zinc finger protein 9

Table 1 Genetic classification of the muscular dystrophies
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MOLECULAR PATHOGENESIS FOR DYSTROPHIES

The muscular dystrophies can be caused by mutations that encode 
for sarcolemmal, basement membrane, sarcomeric, or nuclear struc-
tural proteins and those that are enzymes (see Figs. 1 and 2, Table 2). 
Further, some disorders are caused by mutations that affect splicing 
of messenger ribionucleic acid (mRNA) (e.g., the myotonic dystro-
phies) or by yet still unknown mechanisms (e.g., FSHD).

CLINICAL FEATURES

The dystrophies are clinically heterogeneous. The most important 
aspect when evaluating a patient with a possible dystrophy, or any 
neuromuscular condition for that matter, is trying to define the 
pattern of muscle weakness. Most of the muscular dystrophies have 
a “limb-girdle” pattern of weakness with proximal leg and arm 
muscles being weaker than distal muscle groups. However, there 

are a group of disorders with more distal muscle involvement as 
mentioned previously and others with peculiar patterns of involve-
ment (e.g., oculopharygneal, facioscapulohumeral, scapuloperoneal) 
that narrow down the differential diagnoses. It is important to look 
for facial weakness (FSHD), scapular winging (FSHD, LGMD2A), 
calf hypertrophy (dystrophinopathies, LGMD2C-F, LGMD2I), calf 
atrophy (LGMD2B/Miyoshi, LGMD2L), significant asymmetries 
in strength (FSHD), and rippling muscles (LGMD1C). Muscles 
should be examined for myotonia that would lead to consideration 
of myotonic dystrophy 1 or 2, particularly if they have early cataracts, 
frontal balding, and temporal muscle wasting. Many patients with 
severe weakness due to dystrophies develop contractures. However, 
contractures in muscles groups that are not significantly weak 
should lead to consideration of Emery-Dreifuss muscular dystrophy 
(EDMD) or Bethlem/Ullrich myopathy. Axial muscle weakness 
can lead to progressive scoliosis, particularly once the individual is 
wheelchair bound.
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Figure 1 Sarcolemmal membrane and enzymatic proteins. This schematic shows the location of various sarcolemmal and enzymatic proteins associ-
ated with muscular dystrophies. The diseases these molecules cause when mutated are shown in boxes. Dystrophin, via its interaction with the dystro-
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The dystrophies affect more than just skeletal muscles. Various 
dystrophies are associated with severe cardiomyopathy.5 In some 
cases the cardiomyopathy can be the predominant feature of the 
illness, particularly in EDMD, LGMD1B, sarcoglycanopathy, 
myotonic dystrophy, and the myofibrillar myopathies. The cardi-
omyopathy may manifest as rhythm disturbance or as congestive 
heart failure. Additionally, the ventilatory muscles are affected in 
many of the dystrophies, particularly LGMD2I and the myofi-
brillar myopathies. In such patients with early or prominent ven-
tilatory muscle weakness, Pompe disease needs to be considered 
in the differential diagnosis. The primary cause of death in most 
dystrophy patients are complications related to ventilatory failure 
(e.g., pneumonia).16 Smooth muscles may also be affected leading 
to gastrointestinal hypomotility (gastroparesis and constipation). 
Decreased physical activity may compound the problem with 
constipation. Some patients develop difficulty swallowing as well 
which may require a gastrostomy tube.

LABORATORY FEATURES

The serum CK levels are usually elevated (up to 20 times normal 
or greater) in most of the dystrophies but in some of the more 
indolent disorders (e.g., Ullrich/Bethlem myopathy, OPMD, and 
EDMD) the CK levels may be normal or only slightly elevated. 
Other enzymes including aldolase, alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), and lactate dehydrogenase (LDH) 
may be elevated as well, but the CK is usually the most sensitive and 
specific marker for muscle destruction.

Electrodiagnostic (EDX) testing in patients with suspected dystro-
phy is of limited value, particularly when there is a family history 
of the disorder. Needle electromyography (EMG) may be helpful 
in sporadic cases or in cases with normal or only slightly elevated 
CK levels in which case the differential diagnosis is broad and may 
include spinal muscular atrophy, neuromuscular junction disorders 
(congenital myasthenia), severe neuropathy (e.g., Charcot-Marie-
Tooth disease type 3), or other myopathic conditions (e.g., congeni-
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tal myopathies, metabolic myopathies, inflammatory myopathies). 
Needle EMG in affected muscle groups usually demonstrates 
increased insertional and spontaneous activity in the form of fibril-
lation potentials and positive sharp waves in those dystrophies with 
active necrosis. However, in more indolent myopathies there may be 
little abnormal insertional or spontaneous activity. Further, as muscle 
tissue is progressively replaced with both adipose cells and connec-
tive tissue, insertional activity diminishes. The presence of myotonic 
discharges on needle EMG is helpful in narrowing the differential di-
agnosis. Both short- and long-duration, polyphasic motor unit action 
potentials (MUAPs) reflect the chronicity of the myopathic process. 
As opposed to neurogenic disorders in which there are a reduced 
number of MUAPs that fire at an excessive rate (decreased recruit-
ment), in myopathic muscles one sees early recruitment patterns of 
MUAPs firing at normal rates even with low levels of force.

Patients with lamin A/C mutations may present as a myopathy 
(LGMD1A or EDMD) but may also present as a hereditary neu-
ropathy (dominant intermediate Charcot-Marie-Tooth disease type B)  
with mixed axonal and demyelinating features on the nerve conduc-
tion studies (NCSs). Congenital muscular dystrophies associated with 
merosinopathy may also have slow conduction velocities on NCSs 
owing to the hypomyelination of nerves. Some of the myofibrillar myo-
pathies are associated with concomitant peripheral neuropathy as well.

Muscle imaging with computer tomography (CT) and more recently 
with magnetic resonance imaging (MRI) have been used to delineate 
the specific muscle groups that are affected, particularly early in the 
course of the disease. For example, in LGMD2A caused by calpain-3 
mutations, imaging studies show early involvement of hip extensors 
and adductors as well as the hamstrings.

HISTOPATHOLOGY

Muscle biopsies characteristically demonstrate scattered necrotic and 
regenerating muscle fibers with increased endomysial and perimysial 
connective tissue. Variability in fiber size with scattered hypertrophic 
and hypercontracted fibers in addition to small, rounded, regenerat-
ing fibers are typically found as well as muscle fiber splitting and 
internalized nuclei. Endomysial inflammatory cell infiltrates also may 
be appreciated. In some dystrophies (e.g., dysferlinopathies, FSHD, 
calpainopathies) the infiltrate can be so prominent that the patient is 
misdiagnosed as having polymyositis. Histopathologic findings of bi-
opsies of minimally affected muscles can be subtle and nonspecific.

Immunohistochemistry is helpful in the evaluation of dystrophies. 
Immunostaining for dystrophin, sarcoglycan (alpha, beta, gamma, 
and delta), merosin, alpha-dystroglycan, and dysferlin are routinely 
employed for patients with LGMD. Emerin staining is performed 
on suspected cases of EDMD. Immunostating for lamin A/C and 
collagen 6 can also be performed but these are often normal as 
the disorders associated with mutations affecting these proteins are 
usually autosomal dominant and thus have sufficient protein so that 
immunostaining is present. If the routine light microscopy is sugges-
tive of a myofibrillar myopathy then immunostaining for myotilin 
and desmin can be informative.

Table 2 Molecular defects associated with muscular dystophies

Sarcolemmal
Dystrophin
Sarcoglycans (alpha, beta, gamma, and delta)
Dysferlin
Caveolin-3

Basement membrane
Merosin (α2 laminin)
α7β1D integrin
Collagen 6A1, 6A2, 6A3

Sarcomeric
Myotilin
Titin
Telethonin
Z-band alternatively spliced PDZ motif-containing protein (ZASP)
Filamin C
Desmin
Myosin heavy chains
FHL 1 (Four-and-a-half LIM domain protein 1)

Nuclear
Emerin
Lamin A/C
Nesprin 1 and 2
PABP2
Valosin-containing protein
Matrin 3

Enzymes
Calpain-3
TRIM 32, also known as E3-ubiquitine ligase
Fukutin
Fukutin-related protein
POMGnT1
POMT1
LARGE
GNE

RNA splicing
Myotonic dystrophy type 1 and 2

Other or unclear mechanisms
FSHD
Selenoprotein N

FSHD = facioscapulohumeral dystrophy, GNE = UDP-N-acetylglucosamine 
2-epimerase/n-acetylmannosamine kinase, PABP2 = polyA binding protein 2, 
POMGnT1 = O-mannose-β-1,2-N-acetylglucosaminyl transferase, POMT1 = 
O-mannosyltransferase, TRIM32 = tripartite motif-containing protein 32, ZASP = 
Z-band alternatively spliced PDZ motif-containing protein



Immunoblot or Western blot of muscle tissue is often performed to 
assess the quantity and size of the dystrophin, calpain-3, and dysfer-
lin when the relevant disorders are suspected. Western blot can also 
be performed on peripheral monocytes when dysferlinopathy is a 
consideration.

Electron microscopy (EM) can demonstrate abnormalities but 
usually is not helpful in distinguishing one type of dystrophy from 
another. The exception is the myofibrillar myopathies in which the 
structural changes seen are not typical of other forms of LGMD. 
Abnormalities evident only on EM are rarely helpful in diagnosis.

MOLECULAR ANALYSIS

Usually, a strong suspicion of a specific muscular dystrophy based 
upon the clinical features or muscle biopsy findings leads to confir-
mation of the impression with genetic testing. Genetic testing may 
obviate the need for invasive muscle biopsy or EMG. Genetic testing 
is available for most, but not all, of the muscular dystrophies.*

Large genetic panels are seldom appropriate. The appropriate genetic 
test is usually suggested by the sex, ethnicity, inheritance pattern, 
and pattern of muscle involvement. In X-linked or sporadic affected 
boys or men with symmetric limb-girdle weakness and large calf 
muscles dystrophin mutations are likely. In male or females with 
limb-girdle weakness and/or calf atrophy associated with onset 
in the late teens or twenties and markedly elevated CK level s, a 
dysferlinopathy. Scapular winging and limb-girdle weakness in a 
patient from southern or eastern Europe or South America, suggests 
a calpainopathy while those from Great Britain or with Northern 
European backgrounds are more likely to have fukutin-related 
protein (FKRP) mutations. Patients in their late teens to 20s with 
early atrophy and weakness in calf muscles associated with markedly 
elevated serum CK levels should be screened for dysferlinopathy. 
Those with cardiac conduction abnormalities, particularly if they 
have early contractures in the elbows, ankles, and neck (e.g., rigid 
spine), should be screened for mutations in the emerin gene (if they 
are male or have an X-linked inheritance) and lamin A/C (if female 
or there is autosomal dominant or sporadic appearance). Obviously, 
patients that have facial weakness combined with scapular winging, 
biceps and triceps weakness, atrophy in the arms, and foot drop 
in the legs should be screened for FSHD. Those with clinical or 
electrophysiological signs of myotonia can be screened for myotonic 
dystrophy type 1 or type 2 depending on the phenotype. Patients 
with late-onset distal myopathy manifesting as progressive foot drop 
can be screened for mutations in titin, myosin heavy chain, or one 
of the myofibrillar myopathies depending on muscle biopsy findings 
and skeletal muscle MRI.

TREATMENTS

Corticosteroids are the only medication shown to slow the rate of 
progression of weakness in randomized, controlled trials of large 
number of patients.12 Both prednisolone and Deflazocort have 
been demonstrated to improve strength in children with Duchenne 
muscular dystrophy (DMD).3,4,7,9,13,14 There is insufficient evidence 

to comment on any possible benefit in patients with other forms 
of dystrophy. Personal experience suggests that many patients with 
various dystrophies (e.g., particularly dysferlinopathy, calpainopathy, 
and FSHD) that are misdiagnosed with polymyositis and treated 
with corticosteroids have not had apparent improvement. However, 
it is not known if corticosteroids might slow the rate of progression 
of the disease. It seems reasonable, particularly with the childhood-
onset sarcoglycanopathies and fukutinopathies, that corticosteroids 
may be beneficial.

Other medications have been tried (e.g., creatine, oxandralone, al-
buterol) in small trials involving different types of dystrophy. Modest 
benefit has been reported in small trials of creatine in patients with 
DMD, Becker muscular dystrophy (BMD), and LGMD.11 No 
functional benefit is seen with oxandralone in DMD.8 Lean body 
mass was significantly higher for DMD and BMD subjects follow-
ing albuterol treatment compared to placebo.17 However, no differ-
ences were found in isometric knee strength or manual muscle tests. 
Although albuterol did not improve global strength or function in 
patients with FSHD, it did increase muscle mass and improve some 
measures of strength.10

Myostatin is an endogenous inhibitor of muscle growth. Mutations 
in the gene that encode for myostatin lead to muscle hypertrophy 
suggesting that blockers of myostatin may be useful in treating 
muscle diseases. A recent trial of a neutralizing antibody to myosta-
tin, MYO-029, in adult muscular dystrophies (BMD, facioscapu-
lohumeral dystrophy, and LGMD) demonstrated that the drug was 
safe.19 However, there were no improvements appreciated in muscle 
strength or function, though the study was not powered to look 
for efficacy. Interestingly, the bioactivity of myostatin inhibition 
was supported by a trend in a limited number of subjects toward 
increased muscle size using dual-energy radiographic absorptiometry 
and muscle histology.

Somatic gene therapy via myoblast has been disappointing with 
several trials failing to demonstrate signs of efficacy. Stem cell trans-
plantation is still in the experimental stage in animals as modes to 
enhance delivery to the muscle need to be developed. A few small 
safety trials of direct gene replacement utilizing modified viral vectors 
have begun but it is still some time until gene therapy will be avail-
able.15 Studies are also ongoing of various compounds that have the 
ability to allow RNA transcriptase to read through stop codon muta-
tions1 and antisense oligonucleotides in order to allow transcription 
of the missing protein.18

SUPPORTIVE THERAPIES

Patients are best managed using a multidisciplinary approach that 
involves neurologists, physiatrists, physical therapists, occupational 
therapists, speech therapists, respiratory therapists, dietitians, psy-
chologists, and genetic counselors working together to meet the 
needs of individual patients. Physical therapy is a key component 
in the treatment of patients with muscular dystrophy. Because con-
tractures develop early in the disease, particularly at the heal cords, 
iliotibial bands, and at the hips, appropriate stretching exercises must 
be started early in the disease. Long leg braces may aid ambulation.

18 Muscular Dystrophies AANEM Course
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The cause of death in many of the dystrophies is secondary complica-
tions related to ventilatory failure (e.g., pneumonia).16 It is important 
to have patients vaccinated (e.g., influenza) for prophylactic manage-
ment. In some, such as LGMD2I, ventilatory muscle weakness can 
be an early manifestation of the disease. It is important to monitor 
ventilatory function and obtain baseline pulmonary function tests. 
In patient with dyspnea or with forced vital capacity (FVC) less 
than 80% it is useful to assess FVC in the sitting and supine posi-
tion because with diaphragmatic weakness the reduction in FVC 
is accentuated and may only be apparent in mild disease when the 
patient is supine. Reduction in FVC occurs prior to hypoxemia or 
hypercarbia on blood gas analysis. When the FVC falls below 60% 
or if patients have symptoms suggestive of nocturnal hypoventila-
tion (e.g., morning headaches, frequent nocturnal arousals, excessive 
daytime sleepiness) overnight pulse oxymetry should be obtained. 
In patients who are dyspneic, have low FVC (< 50%), or with 
hypoxemia on nocturnal oxymetry, non-invasive positive pressure 
ventilation is initially indicated at night and later during the day. It 
is essential that prior to patients developing severe respiratory failure, 
discussions with them and family members regarding their wishes 
regarding tracheostomy and mechanical ventilation be conducted 
and documented in the records.

Because patients may develop a cardiomyopathy, baseline and peri-
odic electrocardiograms (every 2 years) are usually indicated. Some 
patients require pacemakers or defibrillators. In those patients with 
dyspnea or with dystrophies associated with dilated cardiomyopathy 
echocardiography is usually indicated. Patients with cardiac failure 
may benefit from afterload reduction (e.g., angiotension converting 
enzyme inhibitor). When the cardiomyopathy is severe but respira-
tory function and skeletal muscle impairment are mild, they may also 
be candidates for heart transplantation.

Scoliosis is a common complication of many of the dystrophies. Spinal 
fusion in children with 35 degree scoliosis or more can prevent pain.6 
Ideally, FVC should be greater than 35% to minimize the risk of 
surgery. Quality of life may be enhanced following spinal stabilization, 
however, scoliosis surgery may not improve ventilatory function.

SUMMARY

The muscular dystrophies are a clinically and genetically hetero-
geneous group of myopathies typically associated with progressive 
weakness. Weakness may be noted at birth or develop in late adult 
life. Some patients manifest with myalgias, rhabdomyolysis, or only 
elevated serum CK levels without any symptoms or signs of weak-
ness. The muscular dystrophies can be inherited in an X-linked, auto-
somal recessive, or autosomal dominant fashion and can result from 
mutations affecting structural proteins localizable to the sarcolemmal 
proteins, nuclear membrane, basement membrane, sarcomere, or 
nonstructural enzymatic proteins. Electrophysiological and routine 
histological examination of muscle biopsies are usually not helpful in 
distinguishing the different types of muscular dystrophy. Therefore, 
it is important for the clinician to understand the phenotypic differ-
ences that may be seen in the various types of dystrophies and use the 
tests available to make accurate diagnoses, provide genetic counsel-
ing, and treatment for patients with dystrophies.

*For laboratories that perform genetic testing visit: www.genetests.com.
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INTRODUCTION

The inflammatory myopathies are diseases in which muscle appears 
to be injured by the immune system. The principal subtypes are 
dermatomyositis (DM), inclusion body myositis (IBM), and poly-
myositis (PM), though many patients have syndromes that are not 
easily classified and may best be labeled as nonspecific (or unspeci-
fied) myositis. Other subtypes include necrotizing myopathy, overlap 
syndromes (inflammatory myopathy occurring in a patient with a 
connective tissue disorder such as mixed connective tissue disease), 
granulomatous myositis, and eosinophilic myositis. The mechanisms 
initiating and maintaining these diseases are not well understood.14 

This review focuses on current and evolving approaches to evaluation 
and management of these diseases.

Clinical Presentation, Laboratory Evaluation, and 
Pathological Findings

General Principles

The diagnosis of inflammatory myopathy and the specific subtype is 
based on a combination of clinical presentation, laboratory studies, 
and pathological findings in muscle biopsy samples. In general, the 
presenting features are symptoms of muscle weakness (difficulty 
arising from a low chair, climbing up or down stairs, getting into a 
car, washing hair, brushing teeth, or, in IBM, gripping objects) or 
skin rash (in dermatomyositis). Patients presenting with prominent 
diffuse pain, often attributed to muscles, usually do not have an in-
flammatory myopathy. Certain physical examination findings, such 
as pronounced lumbar lordosis and waddling gait, facial weakness, 
and scapular winging should, in general, lead to other considerations 
than inflammatory myopathy.

Laboratory studies other than serum creatine kinase (CK) are of 
limited value to support or refute the diagnosis of inflammatory 

myopathy. The CK may be normal in active untreated DM. Serum 
“liver function tests” aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) may be elevated in inflammatory or other 
myopathies; these enzymes are present in muscle. Some patients 
with PM- or IBM-like clinical patterns of weakness may have associ-
ated human T-cell lymphotropic virus type 1 (HTLV-1) or human 
immunodeficiency virus (HIV) infection, so laboratory testing for 
these may be considered. Laboratory demonstration of autoantibod-
ies, including antinuclear antibodies, antihistidyl transfer ribonucleic 
acid (RNA) (anti-Jo-1) antibodies, and anti-Mi-2 antibodies may be 
helpful. The presence of antinuclear antibodies should prompt con-
sideration of an additional diagnosis of a connective tissue disease, 
such as systemic lupus erythematosus (SLE) or mixed connective 
tissue disease (MCTD). The presence of anti-Jo-1 antibodies, associ-
ated with DM and PM, should raise suspicion for interstitial lung 
disease and prompt evaluation with pulmonary function tests, chest 
computed tomography (CT), and avoidance of methotrexate therapy 
(see below). Chest CT additionally is useful for consideration of 
sarcoidosis, which may have a DM-like presentation, and as part of a 
malignancy evaluation for adults with DM (see below).

Electrodiagnostic (EDX) studies are also of limited value, mainly 
in excluding nerve disease or in detecting neuromuscular junc-
tion disease that may have a myopathy-like presentation, such as 
Lambert–Eaton myasthenic syndrome, and some patients with my-
asthenia gravis or specific congenital myasthenic syndromes. Needle 
electromyography (EMG) studies in inflammatory myopathies may 
show fibrillation potentials, positive sharp waves, short-duration and 
small amplitude motor unit action potentials (MUAPs), and full 
interference patterns in weak muscles. They may support a diagnosis 
of myopathy and suggest that the myopathy may be associated with 
muscle membrane irritability but do not distinguish inflammatory 
myopathies from many other muscle diseases, such as some inherited 
or toxic myopathies. When performed, needle EMG studies should 
be confined to one side to allow for biopsy of an untraumatized 
contralateral muscle.

Inflammatory Myopathies
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Muscle biopsy and the pathological examination of the specimen 
obtained is an important diagnostic procedure for patients with sus-
pected inflammatory myopathies. In general, a mild-to-moderately 
weak muscle, but not a severely weak muscle, should be chosen. 
Severely weak muscles may show only nonspecific pathological 
features of end-stage destruction that may be seen in a wide variety 
of muscle and nerve diseases. Good choices often are the biceps and 
vastus lateralis, but specific cases need to be considered individually.

Dermatomyositis

Dermatomyositis affects children and adults. Adult DM generally 
presents as subacute progressive painless proximal weakness, a skin 
rash, or both. Juvenile DM may present similarly or as an acute or 
subacute febrile illness followed by skin, muscle, or sometimes mul-
tisystem involvement. The mechanism of disease is associated with 
induction of the type 1 interferon pathway.15

The skin involvement in DM may have diverse manifestations, in-
cluding a heliotrope rash (purplish discoloration) on the eyelids; an 
erythematosus rash on the face, neck, and anterior chest (V sign), 
upper back (shawl sign), elbows, or knees; a purplish scaly papular 
rash on the extensor surface of the hands (Gottron’s papules); thick-
ened and cracked skin on the dorsal and ventral surfaces of the hands 
(mechanic’s hands); and other changes. Subcutaneous calcinosis is a 
significant problem in juvenile DM and uncommon in adult DM. 
Cutaneous symptoms in DM have a high impact on lowering quality 
of life in patients and include prominent pruritus.18,29

The pattern of proximal limb weakness in DM is not distinctive and 
does not distinguish DM from many other myopathies. Significant 
muscle asymmetries or prominent distal (forearm or lower leg) 
weakness together with skin rash should prompt consideration for 
sarcoidosis, for which clinical involvement similar to DM has been 
recognized.21 Normal serum CK may be present in patients with pro-
gressing disease and does not exclude the diagnosis. When elevated 
serum CK is present in DM, reductions generally occur with treat-
ment and elevation with relapse.

Additional evaluation of adult patients with DM should be performed 
because of its association with two other important clinical syndromes: 
interstitial lung disease and malignancy. Pulmonary function tests, 
chest CT, and laboratory testing for the presence of antihistidyl tRNA 
(anti-Jo-1) antibodies should be considered in all patients with DM. 
Malignancy has been estimated to be associated with 6 to 45% of adult 
patients with DM, with age-associated increased risk particularly in 
women over 40 years old. A malignancy evaluation, including physical 
examination (skin examination and breast and pelvic examinations in 
women and testicular and prostate examination in men), blood studies 
(complete blood count, liver function tests, lactate dehydrogenase, 
prostate specific antigen), stool for occult blood, CT (chest, abdomen, 
and pelvis), and colonoscopy should be considered in every adult 
patient with a new diagnosis of DM.

Muscle biopsy is an important diagnostic procedure in DM. The 
clinical syndrome in patients with typical skin and muscle features 
is quite specific for DM though some patients with sarcoidosis 
have been reported with similar clinical but distinct pathological 

features.7,25,36 The most supportive diagnostic feature of muscle pa-
thology for dermatomyositis evident in routine clinical studies is the 
presence of perifascicular atrophy, small myofibers that are slightly 
darker and bluish in color in hematoxylin and eosin sections, typi-
cally located at the edges of fascicles.

Inclusion Body Myositis

IBM affects adults in middle and later life. The name was first applied 
to a patient with symptom onset at age 18 and findings at age 26 con-
sisting of lordotic posture, leg limb–girdle weakness, and no atrophy 
or weakness of the quadriceps. This patient would not meet current 
criteria for the diagnosis of IBM.38 Although onset over age 50 has 
been emphasized, symptom onset prior to age 50 is common (18-20% 
of patients).4,26 Diagnosis historically has been frequently delayed by a 
mean of 5-8 years from symptom onset.2,5,23,26,28 The mechanism of 
disease may be linked to nuclear degeneration and the redistribution of 
protein TDP-43 from the nucleus to the sarcoplasm.13,27

The clinical presentation of IBM is quite distinct from that of other 
inflammatory myopathies. Atrophy and weakness of wrist and finger 
flexors and quadriceps are distinctive and physical examination 
should focus on careful testing of these muscle groups. Comparison 
of wrist and finger extensors with corresponding flexors may demon-
strate the greater involvement of the flexors and asymmetries. Relative 
preservation of deltoids, in comparison to the forearm flexors, can be 
impressive, in marked contrast to the pattern of weakness seen in 
DM and PM. Contrasts between severe biceps weakness, but better 
preserved brachioradialis, and severe deep finger flexor weakness, but 
uncommonly involved adductor pollicis, have been emphasized as 
well.4 Involvement of tibialis anterior also may be distinctive in IBM. 
Dysphagia can be a significant problem with a prevalence estimated 
as high as 66%.4

Serum CK is only modestly elevated; research criteria have proposed 
diagnostic criteria of an upper limit of 12 times the upper limit of 
normal,16 though patients with higher values, up to 16 times the 
upper limit of normal, have been reported.4 Serum electrophoresis 
and the more sensitive immunofixation tests should be considered 
because some patients have a detectable serum monoclonal immu-
noglobulin (Ig) population. 

The presence of multiple myofibers surrounded by inflammatory 
cells and many myofibers with rimmed vacuoles is highly supportive 
of a pathological diagnosis of IBM. Both IBM and PM (see below) 
may have similar patterns with respect to the location of inflamma-
tory cells as seen in routine studies. The pattern of inflammatory cells 
deep within fascicles surrounding and sometimes invading myofibers 
is distinct from that of DM. What distinguishes IBM from PM in 
light microscopic examination is a sufficient number of rimmed 
vacuoles, though diagnostic and research criteria for what constitutes 
sufficient numbers of rimmed vacuoles have not been established. 
The presence of cytomembranous whorls and filamentous inclusions 
with electron microscopy are also highly supportive of a diagnosis of 
IBM. Difficulties with diagnosis occur in patients with typical clini-
cal features but few inflammatory cells or with few rimmed vacuoles. 
Small numbers of rimmed vacuoles may be seen in patients with 
steroid-responsive PM syndromes.33
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Polymyositis

Patients with acquired myopathies whose weakness improves with 
immunosuppressive therapies and relapses with taper of such therapy, 
but lack the rash and pathological features of dermatomyositis, are 
challenging to classify. Depending on various criteria, such patients 
may be categorized as having polymyositis, nonspecific myositis, ne-
crotizing myopathy, overlap syndromes, or other diagnoses.

Patients with subacute progressive symmetrical proximal arm and 
leg weakness, without skin rash, and with muscle biopsy features 
of prominent inflammatory cells surrounding many muscle fibers, 
without perifascicular atrophy, are the patients that are most ap-
propriately classified as having polymyositis or nonspecific myosi-
tis. Various research diagnostic criteria have been considered with 
regard to the challenges of PM diagnosis.1,17,34 The practical issues 
are avoiding misclassification of certain muscular dystrophies, par-
ticularly limb–girdle muscular dystrophy (LGMD) and IBM as PM. 
Most patients with LGMD and IBM meet widely used criteria for 
the diagnosis of PM.6

As with DM, there is an association with interstitial lung disease, 
but not a well-established association with malignancy. Serum CK is 
almost always elevated in patients with progressing PM. Connective 
tissue diseases should be considered through clinical evaluation and 
antinuclear antibody testing.

The pathological diagnosis of polymyositis is reasonable when there 
are abundant inflammatory cells surrounding multiple myofibers 
and an absence of rimmed vacuoles. There are considerable differ-
ences in opinion, ranging from support for diagnostic criteria that 
allow a diagnosis of definite PM with biopsy features that include 
some unspecified combination of muscle degeneration, regeneration, 
necrosis, and inflammatory cells,19 to positions that the diagnosis 
should require invasion by cluster of differentiation 8+ (CD8+) T 
cells (which include cytotoxic and suppressor T cells) of nonnecrotic 
muscle fibers with visible expression of major histocompatibility 
class I by immunohistochemistry on these fibers’ sarcolemma.6,10 
The former criteria may lead to misdiagnosis of genetically deter-
mined myopathies, which may have variable degrees of inflamma-
tion present (the recent demonstration of an association of calpain 
mutations with eosinophilic myositis is one excellent example of this 
problem20), and inclusion body myositis as PM, while the latter is 
restrictive enough that many patients with immune-mediated myo-
pathies need an alternative diagnosis, such as nonspecific or unspeci-
fied myositis.34

Necrotizing Myopathy

Necrotizing myopathy is a steroid-responsive subacute myopa-
thy with muscle histopathology consisting of multiple necrotic 
and regenerating myofibers, variable thickened blood vessels, but 
without prominent immune system cells within muscle present on 
hematoxylin and eosin and other routine histochemical procedures. 
Immunohistochemical methods, though, may demonstrate T cells 
and CD68+ cells34 (the latter have been characterized as macrophages 
but could also be plasmacytoid dendritic cells). This syndrome fre-
quently has been associated with a malignancy or connective tissue 

disease. Some patients have antisignal recognition particle antibodies. 
Patients have had proximal or generalized weakness, often severe, de-
veloping more rapidly than typical in PM, and often with very high 
CK greater than 10 times the upper limit of normal.

Treatment: Inclusion Body Myositis

Several treatment approaches for IBM have been ineffective. It does 
not respond to prednisone. No benefit has been seen in controlled 
trials with beta interferon,30,31 3 months of intravenous Ig (IVIg) 
without8 and with prednisone,9 and 48 weeks of methotrexate.3 

A 6-month trial of IVIg did not result in definitive improvement, 
though some effects may have been present.37 Antithymocyte globu-
lin24 in a pilot trial had some benefit. The lack of response of IBM 
to these treatments to date do not diminish the role of the immune 
system in causing tissue damage in this disease; other accepted au-
toimmune diseases also may be highly refractory to various immu-
nosuppressive therapies, such as anti-myelin associated glycoprotein 
(anti-MAG)-associated neuropathies or chronic progressive sensory 
neuronopathy associated with SjÖgren’s syndrome.

Treatment: Dermatomyositis, Polymyositis, and 
Necrotizing Myopathy

Overall Approach

DM patients with muscle weakness and patients with PM usually 
are treated with systemic immunosuppressive therapies. For juvenile 
DM, unlike adult DM, aggressive treatment aimed at subsequent 
medication-free cure of disease has been advocated as a goal. Patients 
with cutaneous manifestations of DM but without symptomatic 
weakness may be treated with systemic immunosuppressive therapies 
or topical glucocorticoids, topical tacrolimus, antipruritics, choloro-
quine, or other agents. Patients who present with a picture compatible 
with necrotizing myopathy and without a likely alternative diagnosis, 
such as a toxic myopathy, should be considered for immunosuppres-
sive therapy with the same approach as that used for PM.

Specific immunotherapies and their complications are discussed 
below. In general, high doses of corticosteroids are used initially to 
control disease and then tapered gradually. If the disease cannot be 
controlled on low doses (the equivalent of approximately 20 mg of 
prednisone or less), the dose is increased and second agents, typically 
either methotrexate or azathioprine, are introduced for longterm 
control and the corticosteroid taper is repeated, again hoping to 
achieve disease control with low-dose corticosteroids. Alternative 
approaches include use of therapies initially or early on to avoid pro-
longed use of corticosteroids. Some patients may be controlled with 
IVIg monthly infusions alone, or IVIg or methotrexate may be intro-
duced early in the treatment course together with corticosteroids.

Prevention of Osteoporosis

Corticosteroids are first-line agents for treatment of DM and PM. 
Osteoporosis has been considered the single most debilitating effect 
of chronic steroid use, and the greatest bone loss occurs in the first 
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3-6 months of their use. Calcium (> 1 gm/day) and vitamin D 
(400 IU/day) have long been recommended. Aggressive preventive 
measures are increasingly being used with bisphosphonates started 
the same day as initiation of glucocorticoid therapy. Bisphosphonate 
therapy should be avoided or used cautiously in premenopausal 
women given their potential teratogenicity. Alendronate (70 mg po 
weekly) and risedronate (35 mg po weekly) have both been shown 
in trials to prevent glucorticoid-induced osteoporosis. Patients need 
to take these medications with water, fasting in the morning and 
remaining seated upright or standing for 30 minutes to prevent 
esophageal irritation. Future experience with newer bisphosphonates 
(ibandronate 150 mg po once per month; pamidronate 90 mg IV 
and then 30 mg IV every 30 months; clondronate 100 mg IM 
weekly; zoledronate 4 mg IV over at least 15 minutes dosed every 
3 weeks) could lead to more routine use of these agents in selected 
populations in the future.

Risk of Infection

The risk of infection needs to be considered in advance when em-
barking on the typically chronic immunosuppression that is required 
for control of disease in patients with DM and PM. Although most 
patients do well, experienced clinicians have had patients develop 
serious opportunistic infections leading to death. Although there 
is no clearly defined increased risk of common viral infections in 
patients with inflammatory myopathies receiving chronic immuno-
suppressive treatment, opportunistic infections with Pneumocystis 
carinii, Legionella, Candida, Aspergillus, Histoplasma, Blastomyces, 
cytomegalovirus, and others do occur. In the largest reported series, 
12% of 156 patients with DM or PM developed opportunitistic 
infections with a 28% mortality rate. Depressed lymphocyte counts 
may increase the risk.35 Prophylactic treatment with trimethoprim/
sulfamethoxazole (Bactrim) given as one double strength tablet three 
times per week is effective prevention for Pneumocystis carinii pneu-
monia and should be considered in all patients receiving two or more 
immunomodulating therapies.

Prior to treatment, the history should be reviewed for tuberculosis 
(TB), a chest X-ray obtained, and, if suggestive of prior tuberculosis, 
TB skin testing performed. Patients with a history of tuberculosis or 
a positive PPD should be treated with isoniazide concurrently with 
immunosuppressive therapy.

Glucocorticoids

Glucocorticoids can be used in a wide range of regimens, but one 
typical regimen for adults is prednisone 1 mg/kg/day dosing until 
definite and satisfactory improvement in strength occurs, usually 
with 1-3 months of treatment. Slow tapering by approximately 10 
mg/month will then bring patients down typically to a dose of 20 
mg/day after approximately 6 months from the initiation of therapy. 
Treatment needs to be tailored to specific patients given a wide range 
of responses. Alternative approaches include initial high-dose IV 
treatment (methylprednisilone 1 gm/day × 3-5 days) for patients 
with severe disease, weekly bolus IV therapies used particularly in 
aggressive approaches to juvenile DM, and alternate day dosing of 
prednisone rather than daily dosing.

Uncertainty exists regarding alternate day versus daily dosing of cor-
ticosteroids. One single uncontrolled study describing comparisons 
of these approaches in PM showed less side-effects with alternate-day 
therapies, but this study did not compare patients with equivalent 
doses or control for potential greater severity of disease for patients 
for which daily therapy might have been selected and maintained.32 

In a controlled trial comparing alternate day with daily therapy in a 
muscle disease (Duchenne muscular dystrophy), no difference in side 
effects was seen with equivalent dosing of these regimens.11 Studies 
in other diseases have shown no difference for bone-loss for daily in 
comparison to alternate day therapy.12

Methotrexate

Methotrexate is typically used for patients whose disease cannot be con-
trolled on sufficiently low doses of corticosteroids to achieve acceptable 
side effects. Because methotrexate has pulmonary toxicity, it is important 
to exclude interstitial lung disease (ILD) in patients with DM or PM by 
chest CT scan, pulmonary function tests, and testing for anti-Jo-1 anti-
bodies and avoid its use if present. Methotrexate is given once per week 
in divided doses, with one common approach starting with 7.5 mg/week 
(administered as 2.5 mg every 12 hours × 3). The dose may be increased 
by 2.5 mg/week, to as much as 20 mg/week orally. Higher doses are 
given parenterally by intramuscular injection, with doses higher than 40 
mg/week uncommon. The major side effects are alopecia, stomatitis, risk 
of infection, anemia, and renal or liver toxicity.

Azathioprine

Azathioprine, like methotrexate, has a better longterm side-effect 
profile than corticosteroids. It has a very delayed onset and peak 
effect so that interpretation of benefit requires patience and may be 
difficult. Because of the long delay in interpreting efficacy, the highest 
tolerated dose should be considered initially, often 2.5-3 mg/kg/day, 
with attention to bone marrow suppression and hepatotoxicity. Mild 
lymphopenia should not lead to discontinuation of the drug, as this 
may be in part the mechanism of its efficacy. Monthly blood counts, 
liver function tests, and amylase levels are recommended. Dosing can 
start at 50 mg/day and increase weekly by 50 mg. Abdominal pain 
and nausea, sometimes with frank pancreatitis, develops in a signifi-
cant minority of patients and generally requires discontinuation and 
subsequent avoidance of this drug.

Intravenous Immunoglobulin

IVIg is useful for some patients with DM and PM. It can be used 
as initial treatment in severely affected patients with a goal of more 
rapid improvement, or occasionally as maintenance therapy in oth-
erwise refractory patients or with a goal of reducing longterm corti-
costeroid use. Dosing is 2 gm/kg total initially, given divided over 2-5 
days and then repeat infusions every 2-4 weeks, with a total dosage 
of 1-2 gm/kg/month.

Other Immunomodulating Therapies

As with other immune-mediated neurological diseases, many other 
immunomodulating therapies may be used for DM and PM. These 
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include azathioprine, cyclophosphamide, cyclosporine, tacrolimus, 
chlorambucil, and mycophenolate. Plasma exchange has not shown 
a benefit in a controlled trial.22
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INTRODUCTION

Muscle channelopathies are a group of rare neuromuscular disorders 
that occur as a result of abnormalities of muscle ion channels, includ-
ing calcium, chloride, potassium, and sodium channels. Patients may 
present with myotonia, periodic weakness, or a combination of the 
two. In addition, some patients develop fixed weakness, dysphagia, 
cardiac and pulmonary abnormalities, or other systemic involvement 
(i.e., myotonic dystrophy type 1). Some patients describe dietary 
triggers such as potassium intake or carbohydrates whereas others 
may have sensitivity to cold or exercise.

Workup includes laboratory tests measuring serum electrolytes, 
creatine kinase (CK) and thyroid function and electrophysiological 
studies, including needle electromyography (EMG) and the short 
and prolonged exercise studies.6,7 With availability of genetic testing, 
muscle biopsy and challenge tests are not used as often.

Management includes control of triggers and the use medications to 
reduce myotonia, such as antiepileptic drugs (phenytoin and carbam-
azepine) and antiarrhythmic drugs (mexiletine and procainamide), or 
reduce episodic weakness (acetazolamide). Also of major importance 
are physical therapy, treatment of obstructive sleep apnea and other 
systemic abnormalities, timely assessment of swallowing, and coun-
seling, including the increased risk for general anesthesia.

Hereditary channelopathies will be discussed under two major head-
ings: myotonic disorders and periodic paralysis, with disorders having 
features of both described under the former. 

MYOTONIC DISORDERS

Myotonic disorders are generally divided into dystrophic and nondystro-
phic, although the distinction between the two groups is not always 

clear. The nondystrophic myotonias can be further subdivided based on 
the type of channel involved and presenting features (See Table 1).

Myotonia is the delayed relaxation of skeletal muscle following contrac-
tion most markedly noticed in the eyelids, mouth, hands and proximal 
thighs. It usually improves or abates after repeated muscle activity 
(warm-up phenomenon.) Paramyotonia (paradoxical myotonia) refers 
to delayed relaxation of skeletal muscle following contraction that 
worsens with repeated activity. Myotonic discharges are the spontane-
ous firing of muscle fiber action potentials that appear as runs of posi-
tive waves or brief spike potentials (20-150 Hz) that typically wax and 
wane in frequency and amplitude on needle EMG.1 They are induced 
by needle insertion and movement, muscle percussion, or voluntary 
contraction. Myotonic discharges may also be seen with certain drugs 
(cholesterol lowering agents, cyclosporine, chloroquine, and colchicine 
among others), Pompe disease, inflammatory myopathies, and even 
chronic denervation (usually as brief runs).

Dystrophic Myotonias

Myotonic Dystrophies Type 1 and 22

Myotonic dystrophies are inherited in an autosomal dominant 
fashion, and in addition to myotonia, present with progressive 
muscle weakness, multisystem involvement, and early cataracts. They 
are classified into myotonic dystrophy type 1 (DM1) and type 2 
(DM2), also called proximal myotonic myopathy (PROMM). Their 
pathogenesis is related to expansion of tandem repeats (CTG repeats 
on the DMPK gene in DM1 and CCTG repeats on the ZNF9 gene 
in DM2) resulting in toxic gain of function of the mutant ribonucleic 
acid (RNA) and sequestration of RNA binding proteins.4,5

DM1 is the most prevalent form of muscular dystrophy in adults. 
It appears to increase in severity and occur earlier in successive 
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generations (anticipation). It could occur at any age, with its most 
severe form (congenital DM) presenting at birth with generalized 
hypotonia, severe weakness, facial diplegia (tent shaped mouth), 
mental retardation, gastrointestinal tract involvement, respiratory 
insufficiency, and early death. It could also present as mild DM1 
with myotonia, frontal balding, cataracts, and a normal lifespan. In 
the classical form, in addition to the symptoms seen in mild forms, 
there is muscle weakness and wasting, cardiac conduction abnormali-
ties, physical disability, cognitive issues, and a shortened life span. It 
more typically presents with early neck flexor and distal limb weak-
ness and atrophy (wrist and finger extensors and ankle dorsiflexors), 
jaw and facial muscle involvement (ptosis and drooping mouth), as 
well as dysarthria and dysphagia. Patients may have cognitive and 
behavioral abnormalities. Early referral to cardiology is important for 
the evaluation and treatment of cardiac arrythmias8 and treatment 
of obstructive sleep apnea to prevent pulmonary hypertension and 
cor pulmonale.

The incidence of DM2, or PROMM, is uncertain but could be 
as high as DM1. Anticipation is not present and congenital forms 
have not been described. While it may occur in childhood, its onset 
is usually between 20 and 60 years of age, mostly presenting with 
intermittent stiffness and pain in the thigh muscles or progressive 
proximal weakness. It may materialize or worsen during pregnancy 

and could initially fluctuate or transiently improve. Compared with 
DM1, the muscle weakness and atrophy are more proximal than 
distal (neck flexors, elbow extensors, hip flexors, and knee extensors) 
and manual skills remain largely intact. Muscle pain in DM2 may be 
episodic and described as disabling, burning, tearing, or jabbing. It 
is most prominent in the thighs, shoulders, and upper arms but can 
present as peculiar chest pains. Cognitive and systemic abnormalities 
may be present but are generally milder than DM1. Due to the wide 
spectrum of presenting features there should be a high suspicion for 
DM2, and none of the key features are absolutely mandatory for 
diagnosis.12

Myotonic dystrophies usually present with normal or mildly elevated 
serum CK. Electrophysiological studies demonstrate normal con-
duction studies, myotonic discharges on needle EMG,9 fibrillation 
potentials (FPs), positive sharp waves (PSWs) and myopathic motor 
unit action potentials (MUAPs) in weak muscles. Muscle biopsy 
shows abundant internalized nuclei, ring-fibers, increased connective 
tissue (in dystrophic muscle), occasional sarcoplasmic masses, and 
type 1 fiber atrophy (in DM1). Genetic testing is commercially avail-
able for both DM1 and DM2.

Therapy may include the use of mexiletine for myotonia. It may 
be started at a dose of 150 mg twice daily and slowly increased 

Table 1 Characteristics of familial myotonic disorders

* PROMM patients may initially have intermittent or transient weakness; recessive MC patients may have transient weakness after severe bouts of stiffness 
** May have eyelid paramyotonia 
*** Potassium levels may be normal during attack (normokalemic periodic paralysis)

AD = autosomal dominant, AR = autosomal recessive, K+ = potassium, LE = lower extremities, M = myotonia, MC = myotonia congentia, P = paramyotonia, PROMM = proximal 
myotonic myopathy

Conditions Inheritance Gene Myotonia Episodic 
weakness

Fixed 
weakness

Major 
trigger

Other features

DYSTROPHIC MYOTONIAS
Myotonic dystrophy type 1 AD DMPK M Absent Distal 

limbs, face
None Frontal balding, cataracts, 

systemic
Myotonic dystrophy type 2 (PROMM) AD ZNF9 M Absent* Proximal 

limbs
None Disabling and atypical pain, 

cataracts
NONDYSTROPHIC MYOTONIAS

Myotonia congenita
1. Autosomal Dominant (Thomsen) AD CLCN1 M Absent Rare Rest Generalized muscle hypertrophy
2. Autosomal Recessive (Becker) AR CLCN1 M Absent* Proximal 

LE
Rest Muscle hypertrophy in LE

Paramyotonia congenita AD SCN4A P Present in 
some

Proximal 
LE

Cold, 
exercise

Most sensitive to cold 
temperature

Potassium sensitive periodic paralysis AD SCN4A P, M or 
absent

Present Proximal 
LE

K+, rest 
after 
exercise

Potassium levels may be 
high***

Potassium aggravated myotonias
1. Myotonia fluctuans AD SCN4A M** Absent Absent K+, exercise Have good days and bad days
2. Myotonia permanens AD SCN4A M** Absent Absent K+, exercise Continuous muscle stiffness
3. Acetazolamide responsive myotonia AD SCN4A M** Absent Absent K+, exercise Respond to therapy with 

acetazolamide
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(maximum of 300 mg three times daily). Complete blood count 
(CBC), serum electrolytes, renal and liver function, and electrocar-
diogram (EKG) need to be performed at baseline and periodically. It 
should be used with caution in patients with DM1 and preferably in 
consultation with cardiology.

Nondystrophic Myotonias

Chloride Channel Mutations

Chloride channel mutations cause myotonia congenita (MC) and are 
due to mutations in the muscle chloride ion channel (CLCN1) gene on 
chromosome 7q35. Reduction in chloride conductance leads to uncon-
trolled bursts of action potentials and results in myotonic discharges.

Dominant MC (Thomsen disease)3 is inherited in an autosomal 
dominant pattern with varying severity among family members. 
Onset is in the first 2 years of life with difficulty opening the eyes, 
facial distortion after crying spells, leg stiffness, and occasional falls. 
Older patients complain of muscle stiffness that may cause func-
tional limitations, but minimal weakness, in the limbs, face (particu-
larly the eyelids and lips), muscles of mastication, and swallowing. 
They describe typical “warmup” phenomenon with return of symp-
toms following a brief period of rest. Examination is normal except 
for generalized muscle hypertrophy, action (eyelids and hands) and 
percussion (thenar eminence and extensor digitorum communis) 
myotonia. It does not cause systemic involvement and patients have 
a normal life span.

Recessive MC (Becker disease)3 is inherited in an autosomal recessive 
pattern. Its age of onset is usually 4 to 12 years with gradual increase 
in symptoms during the first 2 decades. It shares many features with 
the dominant form except for a few differences. The myotonia is 
more severe and mostly in the lower limbs and proximal muscle; 
they may have transient muscle weakness following a severe bout of 
myotonia and may develop mild fixed weakness in time. Recessive 
MC also does not cause systemic disorders and patients have a 
normal life span.

Patients with MC usually have normal or slightly elevated serum CK. 
Electrophysiological studies demonstrate normal routine conduction 
studies and widespread myotonic discharges which may prevent ac-
curate determination of MUAP morphology. The short exercise study 
demonstrates mild decrease in compound muscle action potential 
(CMAP) amplitude following exercise with recovery over 1-2 minutes 
and reduced decrement with repetition.6 Muscle biopsy may only 
demonstrate mild increased variability in fiber size and central nuclei. 
Genetic testing is commercially available for both forms of MC.

Most patients with MC do not require therapy; however, mexiletine 
may be used in patients with severe myotonia.

Sodium Channel Mutations

Sodium channel mutations include disorders presenting with myoto-
nia, periodic paralysis, or both. They are transmitted in an autosomal 
dominant pattern and are related to mutations in the voltage-gated 

sodium channel (SCN4A) on chromosome 17q23-25. Poor inactiva-
tion of sodium channels leads to muscle membrane depolarization 
and repetitive discharges (with mild depolarization) or weakness 
(with severe depolarization).

Potassium aggravated myotonias (PAM)3 demonstrate sensitivity to 
the intake of potassium and have myotonia in the absence of muscle 
weakness. They may exhibit paramyotonia in the eyelids between 
the attacks. Patients with myotonia fluctuans report “good days” 
(symptom free) and “bad days” with delayed onset of myotonia 
several minutes after exercise, involving the limbs and the extraocular 
and masticatory muscles. Myotonia permanens presents as a severe 
form of myotonia fluctuans with constant myotonia worsened by 
potassium and exercise. Acetazolamide responsive myotonia presents 
as painful muscle stiffness in childhood that worsens with age into 
early adulthood and most severe in the face and hands.

Serum CK may be normal or slightly elevated in the PAMs. 
Electrophysiological studies demonstrate myotonic potentials on 
needle EMG (especially after exercise) with normal MUAPs. Routine 
nerve conduction studies and short and prolonged exercise tests are 
normal at room temperature (may look like MC or PMC patients 
with cooling).7 Muscle biopsy shows nonspecific changes. Genetic 
testing is commercially available.

In addition to avoidance of potassium intake, the myotonia in PAM 
may respond to therapy with mexiletine. Acetazolamide responsive 
myotonia is particularly responsive to acetazolamide.

Potassium sensitive periodic paralysis (HyperPP)3 usually manifests 
in the first decade of life with relatively short (usually less than 2 
hours) attacks of weakness, mostly occurring in the morning (can 
occur at any time) and precipitated by rest following exercise, fasting, 
intake of potassium rich food, stress, and fatigue. The onset of an 
attack is often heralded by paresthesia and a “sense of heaviness” in 
the legs or back that leads to weakness in thighs and calves and pro-
gresses to other muscle groups (even affecting bulbar and respiratory 
muscles). The weakness mainly remains focal and may be postponed 
or prevented by mild exercise. Sensation and sphincter control are 
unaffected. Patients may have pain in the affected muscles for a few 
days after an attack. Attack frequency is highly variable (several times 
a day to once a year) and often decrease with age. Patients may have 
lid lag or eyelid myotonia between the attacks and some develop 
fixed weakness (mostly proximal) in time. While most patients 
present with episodic attacks of weakness, some may have myotonia 
or paramyotonia, mostly in the eyelids, tongue, and hands. 

While serum potassium may be elevated (5 to 6 mEq/L) during an 
attack it may remain normal. Serum CK may be normal or mildly 
elevated. Electrophysiological studies demonstrate normal conduc-
tion studies between the attacks. Needle EMG may show increased 
insertional activity, FPs and PSWs (signs of muscle hyperexcitability 
and not denervation) along with myotonic discharges in the group 
of patients with clinical myotonia. MUAPs are normal except for 
the appearance of myopathic MUAPs in muscle that show fixed 
weakness. During the course of an attack, CMAP amplitude pro-
gressively declines and needle EMG may show MUAPs that decrease 
in number and amplitude, progressing to complete electrical silence 



30 Muscle Channelopathies AANEM Course

with paralysis. The short exercise study demonstrates increase in 
CMAP amplitude following exercise that increases with repetition.6 
Prolonged exercise testing shows transient increase in CMAP ampli-
tude postexercise with progressive reduction after approximately 10 
to 20 minutes.6 Muscle biopsy is nonspecific except for the presence 
of vacuoles and tubular aggregates. Genetic testing is commercially 
available.

Prophylactic therapy includes avoidance of triggers, treatment with 
acetazolamide (125 to 1000 mg/day in divided doses), and a high-
carbohydrate diet. Mexiletine may be used if patients have severe 
myotonia. The attacks are usually short lived and do not require 
therapy. Simple carbohydrates (e.g., fruit juice) and beta-adrenergic 
agonists (in the absence of cardiac arrhythmias) may be used and 
rarely severe attacks may need treatment with intravenous glucose, 
insulin, or calcium carbonate (especially in patients with electrocar-
diogram [EKG] abnormalities). One should always bear in mind 
the possibility of over therapy and postattack hypokalemia; therapy 
should be carried out under cardiac monitoring.

Normokalemic periodic paralysis patients are similar to HyperPP 
with normal serum potassium levels during attacks.

Paramyotonia congenita (PMC)3 and HyperPP are allelic disorders 
with some kinship, having clinical features of both. PMC usually 
manifests within the first decade of life with myotonia and attacks of 
weakness (in some patients) that are induced by exercise, cold, or po-
tassium intake. Infants may be unable to open their eyes after a crying 
spell or have facial spasm after washing with cold water. Patients may 
complain of hand stiffness while shoveling snow or being in the 
frozen food section of the supermarket. The attacks of weakness are 
mostly focal but may become generalized causing flaccid paralysis. 
They occur in the face, hand, pharyngeal, and tongue muscles and 
can last for several hours. Pain is not a common complaint and the 
symptoms may remain stable or improve slightly with age.

During attacks, serum potassium levels may be normal or elevated 
and serum CK is normal or mildly elevated. Electrophysiological 
studies demonstrate normal conduction studies between the attacks. 
Needle EMG shows myotonic discharges and cooling of muscle 

results in dense fibrillation-like potentials with gradual reduction 
in MUAP activity until and disappearance of electrical myotonia, 
leading to complete electrical silence (after paralysis). In patients 
presenting with pure paramyotonia, cooling only results in increased 
myotonic discharges. The short exercise study demonstrates reduced 
CMAP amplitude following exercise that does not return to baseline 
and worsens with repetition.6 Prolonged exercise testing results in 
severe reduction in CMAP amplitude post exercise that does not 
return to baseline over the next 30 to 40 minutes.6 Cooling causes 
further decline in CMAP amplitude in the short exercise test.7 

Muscle biopsy demonstrates nonspecific changes and possibly vacu-
oles and tubular aggregates in some patients with episodic weakness. 
Genetic testing is commercially available.

Mexiletine may be used to prevent muscle stiffness and acetazol-
amide for periodic attacks of paralysis.

PERIODIC PARALYSIS

Periodic paralysis patients present with episodic weakness that may 
remain focal or progress into generalized paralysis. Some are accom-
panied by myotonia, induced by triggers and most often (but not 
always) associated with changes in serum potassium level. We will 
present them here based on the type of channel involved and present-
ing features (See Table 2).

Calcium Channel Mutations

Calcium channel mutations are inherited in an autosomal domi-
nant fashion and are due to mutations in the voltage-gated calcium 
channel (CACN1AS) on chromosome 1q31-32.

Hypokalemic periodic paralysis type 1 (HypoPP1)3 is the most 
common form of periodic paralysis with onset usually in the first 2 
decades of life. The attacks of weakness may occur at any time during 
the day (early morning slightly higher) and can be triggered by rest 
or sleep after exercise, meals rich in carbohydrates and sodium, 
alcohol, emotional stress, viral illness, and certain medications (e.g., 
beta agonists, corticosteroids, and insulin). They are often preceded 

Table 2 Characteristics of familial periodic paralysis

* Potassium levels may be normal or elevated during attack

AD = autosomal dominant, K+ = potassium, LE = lower extremities

Conditions Inheritance Gene Myotonia Episodic 
weakness

Fixed 
weakness

Major 
trigger

Other features

Hypokalemic periodic paralysis type 1 AD CACNA1S Absent Present Proximal 
LE

Low K+, 
rest after 
exercise

Potassium low 

Hypokalemic periodic paralysis type 2 AD SCN4A Absent Present Usually 
absent

Rest after 
exercise

Acetazolamide may worsen 
symptoms 

Andersen-Tawil syndrome AD KCNJ2 Absent Present Proximal 
LE, neck 
possible

Prolonged 
rest

Long QTc, dysmorphic features, 
low potassium*
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by a vague sensation of heaviness in the lumbosacral region and legs 
and may remain focal or spread to cause generalized paralysis. Mild 
exercise may delay or stave off a full blown attack. Facial, respira-
tory, and sphincter muscles are usually spared or minimally affected; 
however, death from respiratory muscle involvement and cardiac 
arrhythmia (hypokalemia) has been reported. The weakness may 
last for several hours to more than a day (longer than HyperPP), 
with residual symptoms occasionally lasting for several days. Attack 
frequency is highly variable (several times a day to once a year) but 
generally decreases after age 30. In between the attacks the patients 
are asymptomatic and do not have myotonia or paramyotonia. Many 
develop fixed permanent weakness after multiple attacks of paralysis 
that mostly involves proximal leg muscles. HypoPP1 may be allelic 
with malignant hyperthermia and patients require close monitoring 
with anesthesia.

Serum potassium is usually reduced (< 3 mEq/L) during an attack. 
Serum CK levels are normal or mildly elevated between attacks and 
increase during attacks. Routine electrophysiological studies and 
needle EMG are similar to HyperPP, except for the absence of myo-
tonic discharges. The short exercise study is normal and prolonged 
exercise testing shows progressive reduction in CMAP amplitude 
after approximately 10 to 20 minutes.6 Muscle biopsy is mainly 
nonspecific except for the occasional presence of vacuoles and tubular 
aggregates. Genetic testing is commercially available

Prophylactic therapy includes the avoidance of triggers and the use 
of potassium salts. Acetazolamide (125 to 1000 mg/day in divided 
doses), triamterene (25 to 100 mg/day) or spironolactone (25 to 100 
mg/day) may also be used. During an acute attack, oral potassium 
salts (0.25 mEq/kg every 30 minutes until strength improves) or even 
intravenous KCL (slow infusion with necessary precautions and as-
surance of normal renal function) may be given under close cardiac 
monitoring.

Sodium Channel Mutations

Sodium channel mutations are also inherited in an autosomal 
dominant fashion and are due to mutations with net loss-of-function 
in the voltage-gated sodium channel (SCN4A) on chromosome 
17q23-25.

Hypokalemic periodic paralysis type 2 (HypoPP2) accounts for 
10-20% of patients with HypoPP13 with clinical features that are 
similar to HypoPP1 but occur at a later age, are shorter in duration, 
and are without fixed proximal muscle weakness. Some patients with 
HypoPP2 may worsen with acetazolamide.

Potassium Channel Mutations

Potassium channel mutations also inherited in an autosomal domi-
nant fashion and occur as a result of mutations or small deletions in 
the inwardly rectifying potassium channel gene (KCNJ2) on chro-
mosome 17q24.3.

The onset of Andersen-Tawil Syndrome (ATS)3,10,11 is usually within 
the first or second decade of life. Patients present with a triad of 
periodic paralysis, ventricular arrhythmias associated with long QTc 

interval, and skeletal developmental anomalies, and typically require 
two of the three features for the diagnosis to be made. ATS should 
be excluded in all individuals presenting with episodic weakness and/
or a long QT syndrome. The patients do not have myotonia and the 
period weakness is similar to HypoPP1; however, serum potassium 
may be reduced (usually), normal, or even elevated during an attack. 
Cardiac abnormalities may accompany periodic weakness or occur as 
a primary manifestation of ATS. Patients may present with palpita-
tions, syncope, or even cardiac arrest. While the EKG findings may 
include potentially life-threatening ventricular arrhythmias such as 
bidirectional ventricular tachycardia (VT), polymorphic VT, and 
torsades de pointes, the most common finding is a long QT interval. 
Dysmorphic features most commonly include clinodactyly, hyperte-
lorism, low set ears, mandibular hypoplasia, syndactyly, scoliosis, and 
short stature among others.

Electrophysiological studies and muscle biopsy are similar to 
HypoPP1. The most common EKG finding is prolonged QTc inter-
val. Prominent U waves, premature ventricular contractions (PVCs), 
and other ventricular arrhythmias may also be identified.

It is important to identify and treat cardiac abnormalities in consul-
tation with cardiology, including the use of antiarrhythmic agents 
and implantable cardioverter–defibrillator (ICD). Small doses of 
acetazolamide may prevent attacks and slow release potassium may 
be helpful by narrowing the QT interval (keeping potassium above 
4 mEq/L). Treatment of attacks is similar to HyperPP or HypoPP, 
based on the level of potassium; however, it is imperative not to over 
treat. Drugs that prolong the QT interval (updated at www.qtdrugs.
org) or reduce serum potassium are contraindicated, including ß-
adrenergic agents and potassium-lowering diuretics.
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